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Abstract 
 
This study is composed of four parts the first part aims to study the 
growth performance and phenotypic characteristics of two Sudanese 
canines (Kababeesh and Blue Nile dogs) compared with the Saluki and 
German shepherd dogs (G.S.D). Although both experimental dog types 
could be classified as medium, they look smaller in size and weight than 
the G.S.D. Also the Kababeesh dog type was significantly heavier and 
larger than the Blue Nile dog which was similar in weight to the Saluki 
dog breed. Moreover, the variation among the Kababeesh dog type was 
larger than that among the Blue Nile type which indicates greater genetic 
conservation and greater uniformity within the Blue Nile dogs which 
predicts less potentiality in genetic improvement during selection process 
in the next generations compared with the Kababeesh type. The results 
also show the growth period was longer in experimental canines (12- 14 
months) compared with the control breeds (10- 12 months).  
The second part aims to study the origins and genetic diversity of three 
dog types collected from River Nile State, North Kordofan State and Blue 
Nile State, North, West and South east of Sudan, respectively. The 
mtDNA samples of the Sudanese dogs were aligned with 6 samples taken 
from Telomian dogs (Malaysian breed) and ancient wolves’ samples from 
different regions of the world. The results show a close relation between 
the three Sudanese dog types, although the Blue Nile type seemed to be 
more conserved compared with the other two types.  Results show some 
relation between the Telomian and the Sudanese dogs; moreover, the 
Asian wolves seemed to be more related to the Sudanese dog samples 
compared with the American and European wolf samples, which implies 
the Asian origins of the Sudanese dogs. This is reminiscent of the Asian 
origin postulated for Sudanese zebu cattle. Moreover, the Sudanese dogs’ 
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samples were distributed in 11 haplotypes, two of which defined the 
North Kordofan and the Blue Nile dogs, respectively. 
The third part of the study dealt with the genetic basis of Leishmania 
sensitivity in endogenous dogs in Gadarif and Blue Nile states which are 
endemic areas eastern and south east of Sudan, respectively. The study 
investigated five genes (NRAMP1, DLA, IFN -γ, TBX, and iNOS) and 
found a strong association of the disease with the TBX21 gene (P value = 
0.002500 and 0.0008 in the Gadarif and Blue Nile dogs, respectively), 
and a weak association with the iNOS gene (P value = 0.011499 and 
0.0265497 the Gadarif and Blue Nile dogs, respectively).  
The final part studied the trainability and learning capabilities of the 
Kababeesh Sudanese dog type. Eleven inviduals were exposed to a 
training program designed by the Police Dogs School in Khartoum. The 
percentage of success of the first training phase-in  the parental 
generation is 63.6%, which (7 dogs out of the 11), those seven individuals 
were  joined the second phase and 5 individuals out of those 7 which 
equivalent to 71.1% succeeded in reaching the final phase but none of the 
parental generation individuals succeeded in finishing the training 
program successfully. 
This successes appeared in the first generation is most probably due to the 
first generation exposue of the pre training sessions, compared with the 
parental generation.  
All individuals of the offspring generation (7 puppies) successfully 
passed the first and second training phases and 4 of them finished the 
training program successfully which equivalent to57.1%. These dogs 
showed a promising potential in the police work field provided they are 
availed of the proper environment and a scientific breeding program to 
enhance their behavioural traits. 
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 ﻣﻠﺨﺺ اﻷﻃﺮوﺣﺔ
 
ﺍﻟﺠﺯﺀ ﺍﻷﻭل ﻭﻴﻬﺩﻑ ﺍﻟﻰ ﺩﺭﺍﺴﺔ ﻤﻌﺩﻻﺕ ﺍﻟﻨﻤﻭ ﻭﺘﺒﺎﻴﻨﺎﺘﻬﺎ ﺒﻴﻥ . ﺀﺘﺸﺘﻤل ﺍﻟﺩﺭﺍﺴﺔ ﻋﻠﻰ ﺍﺭﺒﻊ ﺃﺠﺯﺍ
ﻤﻘﺎﺭﻨﺔ ﻤﻊ ﺴﻼﻟﺘﻰ ﺍﻟﻜﻼﺏ ﺍﻟﺴﻠﻭﻗﻴﺔ ( ﺍﻟﻜﺒﺎﺒﻴﺵ ﻭﺍﻟﻨﻴل ﺍﻷﺯﺭﻕ)ﻓﺼﻴﻠﺘﻴﻥ ﻤﻥ ﺍﻟﻜﻼﺏ ﺍﻟﺴﻭﺩﺍﻨﻴﺔ 
 ﻴﻤﻜﻥ ﺘﺼﻨﻴﻔﻬﻤﺎ ﺭﻏﻤﺎ ﻋﻥ ﺃﻥ ﻜﻠﺘﺎ ﺍﻟﻔﺼﻴﻠﺘﻴﻥ ﺍﻟﻠﺘﻴﻥ ﺨﻀﻌﺘﺎ ﻟﻠﺩﺭﺍﺴﺔ. ﻭﻜﻼﺏ ﺍﻟﺭﺍﻋﻰ ﺍﻻﻟﻤﺎﻨﻰ
ﻜﻜﻼﺏ ﻤﻥ ﺍﻟﺤﺠﻡ ﺍﻟﻤﺘﻭﺴﻁ ﺃﻻ ﺍﻨﻨﺎ ﻨﺠﺩ ﺍﻥ ﻜﻼﺏ ﺍﻟﻜﺒﺎﺒﻴﺵ ﺫﺍﺕ ﻭﺯﻥ ﻭﺤﺠﻡ ﺃﻜﺒﺭ ﻤﻥ ﻜﻼﺏ 
ﻜﺫﻟﻙ ﻨﺠﺩ ﺃﻥ ﺍﻟﺘﺒﺎﻴﻨﺎﺕ . ﺍﻟﻨﻴل ﺍﻻﺯﺭﻕ ﻜﻤﺎ ﻨﺠﺩﻫﺎ ﻗﺭﻴﺒﺔ ﻓﻰ ﺍﻟﺤﺠﻡ ﻭﺍﻟﻭﺯﻥ ﻤﻥ ﺍﻟﻜﻼﺏ ﺍﻟﺴﻠﻭﻗﻴﺔ 
 ﻤﻤﺎ ﺭﻕﻓﻰ ﺍﻟﺤﺠﻡ ﻭﺍﻟﻭﺯﻥ ﺒﻴﻥ ﻜﻼﺏ ﺍﻟﻜﺒﺎﺒﻴﺵ ﺃﻜﺒﺭ ﻤﻨﻬﺎ ﻟﺩﻯ ﺍﻟﻜﻼﺏ ﻤﻥ ﻓﺼﻴﻠﺔ ﺍﻟﻨﻴل ﺍﻷﺯ
ﺃﻅﻬﺭﺕ ﺍﻟﻨﺘﺎﺌﺞ ﺃﻥ ﻓﺘﺭﺓ ﺍﻟﻨﻤﻭ ﻟﺩﻯ ﻜﻼﺏ ﺍﻟﻜﺒﺎﺒﻴﺵ .  ﻤﻥ ﺍﻟﺘﻤﺎﺜل ﺍﻟﻭﺭﺍﺜﻰ ﺒﻴﻨﻬﺎﻴﺸﻴﺭ ﺍﻟﻰ ﺩﺭﺠﺔ
ﻤﻘﺎﺭﻨﺔ ﻤﻊ ﺴﻼﻟﺘﻰ ﺍﻟﻜﻼﺏ ﺍﻟﺴﻠﻭﻗﻴﺔ ﻭﻜﻼﺏ ﺍﻟﺭﺍﻋﻰ (  ﺸﻬﺭ41-21)ﻭﺍﻟﻨﻴل ﺍﻷﺯﺭﻕ ﺃﻁﻭل 
  (. ﺸﻬﺭ21-01)ﺍﻷﻟﻤﺎﻨﻰ 
 ﻤﻥ ﺜﺎﹰﻴﺔ ﺒﻴﻥ ﺜﻼﻴﻬﺩﻑ ﺍﻟﻰ ﺩﺭﺍﺴﺔ ﺍﻷﺼﻭل ﻭﺍﻹﺨﺘﻼﻓﺎﺕ ﺍﻟﻭﺭﺍﺜﺍﻟﺩﺭﺍﺴﺔ ﺍﻟﺠﺯﺀ ﺍﻟﺜﺎﻨﻰ ﻤﻥ 
ﻭﻭﻻﻴﺔ ،  ﻜﺭﻓﺎﻥ لﻭﻭﻻﻴﺔ ﺸﻤﺎ، ﻰ ﻨﻬﺭ ﺍﻟﻨﻴلﺘﻻﻴﻟﻜﻼﺏ ﺍﻟﺴﻭﺩﺍﻨﻴﺔ ﺠﻤﻌﺕ ﻤﻥ ﻜل ﻤﻥ ﻭﻓﺼﺎﺌل ﺍ
  .ﻭﺠﻨﻭﺏ ﺸﺭﻕ ﺍﻟﺴﻭﺩﺍﻥ ﻋﻠﻰ ﺍﻟﺘﻭﺍﻟﻰ، ﻭﻏﺭﺏ، ﺍﻟﻨﻴل ﺍﻷﺯﺭﻕ ﺒﻜل ﻤﻥ ﺸﻤﺎل
ﻟﻜل ﻤﻥ ﺍﻟﻜﻼﺏ ﺍﻟﺴﻭﺩﺍﻨﻴﺔ ﻭﻗﻭﺭﻨﺕ ﻤﻊ ﺴﻼﻟﺔ  ﺘﻤﺕ ﺩﺭﺍﺴﺔ ﺍﻟﺤﻤﺽ ﺍﻟﻨﻭﻭﻯ ﻟﻠﻤﺎﻴﺘﻭﻜﻭﻨﺩﺭﻴﺎ
ﺃﻅﻬﺭﺕ ﺍﻟﺩﺭﺍﺴﺔ . ﺯﻴﺔ ﻭﺒﻌﺽ ﺍﻟﻌﻴﻨﺎﺕ ﺍﻷﺜﺭﻴﺔ ﻟﺫﺌﺎﺏ ﻤﻥ ﻤﺨﺘﻠﻑ ﻗﺎﺭﺍﺕ ﺍﻟﻌﺎﻟﻡﺍﻟﺘﻠﻭﻤﻴﺎﻥ ﺍﻟﻤﺎﻟﻴ
ﻴل ﺍﻷﺯﺭﻕ ﺃﻅﻬﺭﺕ ﻨﻭﻉ ﻤﻥ ﺏ ﺍﻟﺴﻭﺩﺍﻨﻴﺔ ﺭﻏﻤﺎ ﻋﻥ ﺃﻥ ﻜﻼﺏ ﺍﻟﻨﺩﺭﺠﺔ ﻗﺭﺍﺒﺔ ﻗﻭﻴﺔ ﺒﻴﻥ ﺍﻟﻜﻼ
  .ﺍﻟﺘﻤﺎﻴﺯ ﻋﻥ ﻜل ﻤﻥ ﻜﻼﺏ ﺸﻤﺎل ﻜﺭﺩﻓﺎﻥ ﻭﺍﻟﻨﻴل ﺍﻷﺯﺭﻕ
ﻟﺴﻭﺩﺍﻨﻴﺔ ﻜﻤﺎ ﺃﻥ ﻋﻴﻨﺎﺕ ﻜﺫﻟﻙ ﺃﻅﻬﺭﺕ ﺍﻟﻨﺘﺎﺌﺞ ﺒﻌﺽ ﺍﻟﻘﺭﺍﺒﺔ ﺒﻴﻥ ﺴﻼﻟﺔ ﺍﻟﺘﻠﻭﻤﻴﺎﻥ ﻭﺍﻟﻜﻼﺏ ﺍ
ﺍﻟﺫﺌﺎﺏ ﺍﻷﺜﺭﻴﺔ ﺍﻟﺘﻰ ﻭﺠﺩﺕ ﻓﻰ ﺍﻟﻘﺎﺭﺓ ﺍﻵﺴﻴﻭﻴﺔ ﺃﻅﻬﺭﺕ ﺩﺭﺠﺔ ﻗﺭﺍﺒﺔ ﺃﻗﻭﻯ ﻤﻥ ﺘﻠﻙ ﺍﻟﺘﻰ ﺠﻤﻌﺕ 
ﻤﻤﺎ ﻴﺸﻴﺭ ﻨﻭﻋﺎ ﻤﺎ ﺍﻟﻰ ﺃﺤﺘﻤﺎﻟﻴﺔ ﺍﻷﺼﻭل ﺍﻻﺴﻴﻭﻴﺔ ﻟﻠﻜﻼﺏ ، ﻤﻥ ﻗﺎﺭﺘﻰ ﺃﻤﺭﻴﻜﺎ ﻭﺃﻭﺭﻭﺒﺎ
  .ﺍﻟﺴﻭﺩﺍﻨﻴﺔ
ﻨﻴﺔ ﺃﺜﻨﻴﻥ ﻤﻨﻬﺎ ﻤﻴﺯﺘﺎ ﺃﻅﻬﺭﺕ ﺍﻟﻨﺘﺎﺌﺞ ﺃﺤﺩ ﻋﺸﺭﺓ ﻤﺠﻤﻭﻋﺔ ﻭﺭﺍﺜﻴﺔ ﺘﻭﺯﻋﺕ ﻋﻠﻴﻬﺎ ﺍﻟﻜﻼﺏ ﺍﻟﺴﻭﺩﺍ
  .ﻜل ﻤﻥ ﻜﻼﺏ ﺍﻟﻜﺒﺎﺒﻴﺵ ﻭﺍﻟﻨﻴل ﺍﻷﺯﺭﻕ ﻋﻠﻰ ﺍﻟﺘﻭﺍﻟﻰ
ﺍﻟﺠﺯﺀ ﺍﻟﺜﺎﻟﺙ ﻤﻥ ﺍﻟﺩﺭﺍﺴﺔ ﺘﻨﺎﻭل ﺍﻟﺤﺴﺎﺴﻴﺔ ﺍﻟﻤﻨﺎﻋﻴﺔ ﺘﺠﺎﻩ ﻤﺭﺽ ﺍﻟﻠﻴﺸﻤﺎﻨﻴﺎ ﻟﺩﻯ ﺍﻟﻜﻼﺏ ﺍﻟﻤﺤﻠﻴﺔ 
. ﺒﻜل ﻤﻥ ﻤﻨﻁﻘﺘﻰ ﺍﻟﻘﻀﺎﺭﻑ ﻭﺍﻟﻨﻴل ﺍﻷﺯﺭﻕ ﻭﺍﻟﺘﻰ ﺘﻌﺘﺒﺭ ﻤﻥ ﺍﻟﻤﻨﺎﻁﻕ ﺍﻟﻤﻭﺒﻭﺀﺓ ﺒﻬﺫﺍ ﺍﻟﻤﺭﺽ
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 )SONi dna ,12XBT, γ- NFI ,ALD ,1PMARN( ﺍﻟﺠﻴﻨﺎﺕ ﺍﻫﺘﻤﺕ ﺍﻟﺩﺭﺍﺴﺔ ﺒﺨﻤﺱ ﻤﻥ
ﻟﺩﻯ ﻜل ﻤﻥ  (8000.0 ,5200.0 =P )ﻋﻼﻗﺔ ﻗﻭﻴﺔ ﻤﻊ ﺍﻟﻤﺭﺽ( 12XBT)ﺃﻅﻬﺭﺕ ﺇﺤﺩﺍﻫﺎ 
ﻜﺫﻟﻙ ﺃﻅﻬﺭﺕ ﺍﻟﻨﺘﺎﺌﺞ ﻋﻼﻗﺔ ﺍﻗل ﻗﻭﺓ ﺒﻴﻥ . ﻘﻀﺎﺭﻑ ﻭﺍﻟﻨﻴل ﺍﻷﺯﺭﻕ ﻋﻠﻰ ﺍﻟﺘﻭﺍﻟﻰﻜﻼﺏ ﺍﻟ
ﻀﺎﺭﻑ ﻟﺩﻯ ﻜل ﻤﻥ ﻜﻼﺏ ﺍﻟﻜﻘ (945620.0 dna 994110.0 =P)ﻭﺍﻟﻤﺭﺽ ( SONi)
 .ﻭﺍﻟﻨﻴل ﺍﻷﺯﺭﻕ ﻋﻠﻰ ﺍﻟﺘﻭﺍﻟﻰ
ﺏ ﺍﻟﺠﺯﺀ ﺍﻷﺨﻴﺭ ﻤﻥ ﺍﻟﺩﺭﺍﺴﺔ ﺘﻨﺎﻭل ﺍﻟﻘﺩﺭﺍﺕ ﺍﻟﺘﺩﺭﻴﺒﻴﺔ ﻭﺍﻟﻘﺎﺒﻠﻴﺔ ﻋﻠﻰ ﺍﻟﺘﻌﻠﻡ ﻟﺩﻯ ﻓﺼﻴﻠﺔ ﻜﻼ
 ﻜﻠﺒﺎ ﺘﻡ ﺇﺨﻀﺎﻋﻬﻡ ﻟﺒﺭﻨﺎﻤﺞ ﺘﺩﺭﻴﺒﻰ ﺘﻡ ﺘﺼﻤﻴﻤﻪ ﺒﻭﺍﺴﻁﺔ ﻤﺩﺭﺴﺔ ﺃﺤﺩ ﻋﺸﺭ. ﺍﻟﻜﺒﺎﺒﻴﺵ ﺍﻟﺴﻭﺩﺍﻨﻴﺔ 
ﺃﺠﺘﺎﺯﻭﺍ ﺍﻟﻤﺭﺤﻠﺔ ﺍﻟﺘﺩﺭﻴﺒﻴﺔ  ﺃﻓﺭﺍﺩ ﻤﻨﻬﻡ 7. ﺍﻟﻜﻼﺏ ﺍﻟﺸﺭﻁﻴﺔ ﺒﺎﻟﺨﺭﻁﻭﻡ ﻟﻴﺸﻜﻠﻭﺍ ﺠﻴل ﺍﻵﺒﺎﺀ
 ﻤﻥ ﻤﺠﻤﻭﻉ ﺴﺒﻌﺔ ﺇﺠﺘﺎﺯﻭﺍ ﺍﻟﻤﺭﺤﻠﺔ ﺍﻟﺘﺩﺭﻴﺒﻴﺔ ﺍﻟﺜﺎﻨﻴﺔ ﻭﻟﻡ ﻴﺘﻤﻜﻥ ﺃﻯ ﻓﺭﺩ 5ﺍﻷﻭﻟﻰ ﺒﻨﺠﺎﺡ ﺒﻴﻨﻤﺎ 
  .ﻤﻥ ﺇﺠﺘﻴﺎﺯ ﺍﻟﻤﺭﺤﻠﺔ ﺍﻟﺘﺩﺭﻴﺒﻴﺔ ﺍﻟﻨﻬﺎﺌﻴﺔ
 ﺃﻓﺭﺍﺩ ﺇﺠﺘﺎﺯﻭﺍ ﺠﻤﻴﻌﺎ ﺍﻟﻤﺭﺤﻠﺘﻴﺔ ﺍﻟﺘﺩﺭﻴﺒﻴﺘﻴﻥ 7ﻭﺍﻟﻤﻜﻭﻥ ﻤﻥ ( ﺍﻟﺠﻴل ﺍﻷﻭل)ﺒﺎﻟﻨﺴﺒﺔ ﻟﺠﻴل ﺍﻻﺒﻨﺎﺀ 
  . ﻓﻘﻁ ﻤﻥ ﻤﺠﻤﻭﻉ ﺴﺒﻌﺔ ﻤﻥ ﺇﺠﺘﻴﺎﺯ ﺍﻟﻤﺭﺤﻠﺔ ﺍﻟﺘﺩﺭﻴﺒﻴﺔ ﺍﻟﻨﻬﺎﺌﻴﺔ4ﺒﻴﻨﻤﺎ ﺘﻤﻜﻥ ﺍﻷﻭﻟﻰ ﻭﺍﻟﺜﺎﻨﻴﺔ 
ﻟﻬﺫﻩ ﺍﻟﻜﻼﺏ ﻤﺴﺘﻘﺒل ﻭﺍﻋﺩ ﻓﻰ ﺍﻟﺤﻘل ﺍﻟﺸﺭﻁﻰ ﺇﺫﺍ ﻤﺎ ﻭﺠﺩﺕ ﺍﻟﺒﻴﺌﺔ ﺍﻟﻤﻨﺎﺴﺒﺔ ﻭﺒﺭﻨﺎﻤﺞ ﺍﻟﺘﺭﺒﻴﺔ 
  .ﺍﻟﻌﻠﻤﻰ ﺍﻟﺫﻯ ﻴﻌﻤل ﻋﻠﻰ ﺘﻁﻭﻴﺭ ﺍﻟﺴﻭﻟﻙ ﻭﺘﻨﻤﻴﺔ ﺍﻟﻘﺩﺭﺍﺕ ﺍﻟﺘﺩﺭﻴﺒﻴﺔ ﻟﺩﻴﻬﺎ
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CHAPTER ONE 
General Introduction 
 Dogs are the first domesticated animal. The dog is known as "man’s best 
friend", is common place throughout the world.  This is not true only today; 
but it has also been true throughout the history of man. If we try to search for 
cultures without dogs since prehistoric times, we come up empty handed, with 
the earliest breeds coming from the Middle East, Africa and Asia (Thorpe- 
Vargus, Colie, 1998). 
Early man needed the canine’s speed, power skills and intelligence to help as 
he hunted. As man migrated throughout the world, their dogs migrated with 
them; as they demonstrate desirable traits or skills (Kennedy, 1997). In other 
words man and dog have shared this intimate friendship for very long time 
During the Egyptian old civilization, dogs had a great importance in their 
social activities and religious believes. They appeared clearly in the 
archaeological discoveries during the previous century, especially the ancient 
mummies of dogs found inside the cemeteries of kings. This phenomenon also 
found during the old Morwe civilization. It appeared continuously for more 
than five thousand years during the historical development stages of the old 
Sudanese civilization. A Swiss archaeological mission found many dogs 
mummified with the kings and nobles graves in Kerma historical location 
Northren Sudan and it was suspected to be from 2200 years ago. Also in 
Musawarat 180 kilometres north of Khartoum and 30 kilometres far from the 
river Nile there were many sculptures of dogs with the kings of the later 
merowitec kingdom 275- 350 BC. At that time Egyptian and Sudanese kings 
and nobles used dogs in hunting especially the Saluki dog which was shown as 
the Egyptian royal canine in Egyptian tombs circa 2000 BC. Many Saluki 
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dogs  mummified with their masters, the pharaohs, whose remains had been 
found in the ancient tombs of the upper Nile (ACK, 1994). 
 
Types of dog breeds 
The American kennel club (AKC) recognized 148 different breeds of dogs.  A 
breed is defined as “a relatively homogenous group of animals within the 
species developed and maintained by man (AKC,1994)”. Of course all 
mammals, but especially dogs display the greatest genetic variety (Mc Ciag, 
1996). Even though there is an enormous variation among dogs they all belong 
to the same species canis familiaris . This determination is made because all 
dogs are able to interbreed and produce fertile offspring and this satisfies the 
biological species concept (Mayr, 1982). 
With biotechnological techniques available today including polymerase chain 
reaction (PCR) and gel electrophoresis, the variations could not only be 
studied at the level of morphological features, but they can be studied at the 
DNA and gene level as well, following the lead of the human genome project. 
 
Types of dog breeds in Sudan 
 Most of the dog breeds found in Sudan studied by European researchers or by 
fancy travellers. The famous breeds found in the Sudan are the following:- 
 
The Saluki dogs 
 The Saluki is undoubtedly the oldest known breed of the domestic dog. It has 
been found on the entire coast of North Africa deep in the Sahara, the Sudan 
Egypt and all of the near east. The breed types varying only in size and 
amount of hair coat. The North African dog has a smoother coat and is a 
slightly coarser in type and bone. The Arabian strain is finer while the Persian 
gazelle hound is longer, stronger and has more profuse furnishings. 
3 
 
The Saluki has a slim, greyhound like body with long silky feathering on the 
ears and tail (there is also a rarer smooth variety with no feathering the smooth 
coat is generally a bit coarser feathered than the other variety’s silky skin). 
Ears are pendent. The long curved tail is carried low. The neck is long and 
flexible, and looks elegant. The legs are thickly haired between the toes for 
protection from rough terrain. It comes in many colours white, cream, fawn, 
golden, red, grey, fiery red and tricolour. 
The Saluki’s purpose in life has always been as a sight hunter. He must be 
able to sight, flush and kill his game and patiently wait by his prey for his 
master to retrieve it. The saluki is a brilliant desert sight hunter capable of 
incredible speed and agility over rough terrain. He has also been used to hunt 
fox, jackal and hare. It is a sensitive and friendly dog, good with gentle older 
children, very independent, good watch dog, though not aggressive, graceful 
and elegant.    
 
The Basenji dog 
The Basenji is a very ancient breed; similar to the dogs pictured on the walls 
of pharaoh’s tombs in Egypt. Explorers later discovered the breed in Zaire, 
hunting wild game for his native masters. The first time European people 
knew about Basenji was in London 1895 when a brace of the dog was 
exhibited as an African bush dog or Congo terriers but they contracted 
distemper shortly afterward and died. Then many efforts were made to import 
other Basenji but they kept dying from the disease till 1938 when Tudor 
Williams imported a black, and white bitch from the Sudan. However this 
bitch died from rabies soon after her arrival. The next year Tudor Williams 
imported a black tan and white dog and a red and white bitch from the Sudan- 
Uganda border; the dog, Simolo of the Congo did not make a great impact on 
the breed; the bitch was not typical and had never bred. In 1941, Tudor 
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Williams acquired Amatangazig a native bitch brought to England from the 
Sudan by Mr. and Mrs. Arthur Byron. She became foundation bitch for Tudor 
Williams’s kennel of the Congo. Another dog was imported in 1952 from the 
Southern Sudan. He was acquired near a town Tembura, in the border of the 
Sudan and French Equatorial Africa about 200 miles from Meridi, where lady 
Nutting's basenjis were found in 1923 (Tudor Williams 2nd, 1932). The last 
native import into England was Fula of the Congo, discovered during Tudor 
William’s last visit ot the Zande country in 1959. (The Basenji Club of 
America- African Stock Project (ASP), 2000). 
The Basenji dog described as a small elegant athletic dog about the size of the 
fox terriers, with a smooth shiny coat of copper, red, black and tan, black or 
brindle standard have white feet and white on the chest and tip of the tail. The 
back is level, the legs are long and the fore head is furrowed with wrinkles. 
The ear was bricked and the tail curls up over and slightly to either side of the 
back. 
The Basenji is very alert, active playful and demanding. Highly independent 
and somewhat aloof, but can also form a strong bond with people. It Should be 
extensively socialized, and it can be quite willful, but also it can be trained. It 
doesn’t bark but does have a lot of   other unusual vocalization. It may yodel, 
howl, growl or crow, depending on his mood. Avery clean dog, the Basenji 
grooms himself like a cat, washing his face paws after meals. The coat doesn't 
smell, even when it is wet (AKC, 1994). 
Unfortunately, most of the studies about these breeds were done outside the 
Sudan. The present study is an attempt to survey the local breeds of dogs 
according to the definition of the American Kennel club, (2000). and to 
evaluate  the trainability of those dogs to work as police dogs in the field of 
narcotic detection. 
This study is targeting the dogs in four areas:- 
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 1- The Kababeesh tribe area in North Kordofan state (North west of the 
Sudan).  
2- Umbararu tribe area in the Blue Nile state (east south of Sudan).  
3- The River Nile area northern Sudan. 
4- The Gadarif state eastern Sudan. 
The choice of the first two tribal study areas above was due to the fact that 
both tribes are herding animals and they depend on dogs very much in herding 
and guarding their animals. Kababeesh tribes use their dogs to herd camels 
and sheep whereas the Umbararu tribes use them for herding cattle. They have 
their traditional breeding and training principles, they isolate the bitch from 
other dogs during the oestrus and they choose a specific dog for mating 
according to its traits and performance on herding skills, dominance and 
fertility. They forge a strong relationship between the dogs and the animals to 
be herded by them when they are on early stage of life (three months of age). 
They feed them the milk of one ewe in the flock training the dog to become a 
sheep herding  dog or they may tie the dog on the back of one camel for three 
months or more when they are planning to make the dog a camel herding 
dogs. 
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Objectives of this study are 
1- To characterize and describe of local dogs by measuring various body 
size, and reproductive traits and detecting any genetic defects if present,  
2- To find out whether the local types under experimentation are 
sufficiently different to be characterized as separate breeds. 
3- To study the genetic susceptibility and the natural resistance against 
visceral leishmaniasis in the endemic areas south east and eastern 
Sudan. 
4- To determine the possibility of using those local types on police    
operations especially the narcotic detection field. 
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CHAPTER TWO 
Developmental stages of Sudanese dogs 
(Size, body features and growth rate) 
 
Abstract 
28 dogs collected from two regions of Sudan (6 female and 7 males) from 
North Kordofan State in Western Sudan, and another (6 females and 9 males) 
from the Blue Nile state South East of Sudan. The dogs were raised in the 
Police dogs School in Khartoum and bred according to a selection program 
designed on the basis of behavioural scores and body features. 
Although both of Sudanese dog types could be classified as medium size they 
look smaller in size and weight than the G.S.D. Also the Kababeesh dog type 
is significantly heavier and larger than the Blue Nile one which is similar in 
weight to the Saluki dogs breed. Moreover the variation among the Kababeesh 
dog type is larger than the Blue Nile type which indicates the genetic 
conservation and greater uniformity within the Blue Nile dogs. 
The growth period in both sexes of both Sudanese dog types varies from 12 to 
14 months; however, males are larger and heavier than females in both types. 
 
2.1. Introduction 
2.1.1. Neonatal period 
Fogle (1992) studied the developmental stages of dogs from the time they 
were inside their mother. He described the neonates at this stage as being like 
the sponges soaking up what they can from the environment. During the 
Neonatal stage puppies are almost wholly under the care of their mother and 
the way she behaves will influence their behaviour in later life. Lorenz (1939) 
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developed the theory of imprinting when he observed that young goslings 
raised in the incubator in the absence of their mother followed him around 
when he was the first living animal they saw. Then he explained that he has 
been imprinted in their minds as their mother, this imprinting will continue for 
the rest of their lives. 
At the Swedish dogs training centre which is responsible for training guide 
and police dogs, it was discovered that some certain behaviour patterns in 
puppies are maternally imprinted and not genetically predetermined like 
weaning. They discovered this by synchronizing births in German Shepherd 
bitches and then immediately exchanging some puppies from each litter. By 
doing so they observed that maternal influence on the subsequent development 
of the puppies’ mind was far greater than had ever been expected. 
Bailey (2002a) mentioned that puppies of smaller breeds tend to develop more 
rapidly but generally he divided the developmental stages into the following 
periods:- 
 
2.1.2. Newborn period (0-2 weeks) 
During this phase puppies sleep and suckle most of the time, they need their 
mother to stimulate urination and defecation which she does by licking the 
genital area. Eyes open at round 10-14 days but vision is poor for the first few 
weeks. 
 
2.1.3. Transitional period (2-3 weeks) 
The teeth begin to appear. The puppy learns to walk and lap liquids. The ears 
open towards the end of the third week and the sense of smell begins to 
operate, puppies develop their ability to urinate and defecate by themselves.  
 
2.1.4. Socialization period (3-12 weeks) 
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 This period is divided into three stages:- 
 
I.First stage (3-5 weeks) 
 At 3-4 weeks puppies start to hear, see and smell more efficiently. They learn 
to bark and eat solid food. Moreover, at this stage their mother begins to 
discipline them with a growl. 
 
II. Second stage (5-8 weeks) 
Puppies acquire full use of the eyes and ears and become more coordinated.  
Bailey (2002b) also reported that Dominance and hierarchy games begin to be 
played between littermates. 
 
III. Third stage (8- 12 weeks) 
During this stage the puppy begins to acquire different experiences from the 
ambient environment, and assesses the members of his family to find out their 
position in the hierarchy and will begin to determine where he fits in. Showing 
the puppy its place in the pack is very important during this stage. Playing and 
showing how to deal with humans is also  important.  
 
2.1.5. Juvenile period (3 – 6 months) 
During this period they will continue to learn about the hierarchy within the 
family and environmental awareness increases. They begin to explore farther 
but within the range of security of the owner or familiar territory. Chewing 
and mouthing behaviour are common to facilitate teething and to aid 
environmental exploration. 
During this period introducing training games is essential to enable the puppy 
to experience different environments and socializing sessions must be 
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continued. Some of these exercises will become difficult as the puppy grows 
older and more independent.  
 
2.1.6. Adolescence period (6-12/18 months) 
Puppies become more independent as they reach sexual maturity. Females 
come on heat with associated behavioural changes and males suffer from 
hormonal changes which affect their behaviour and reactions, becoming 
independent dogs and challenging authorities.  
 
2.1.7. Maturity (above 12- 18 months) 
This is the period of mental and physical maturity. The character becomes 
fully formed. Young adults continue to develop in character and will finally 
settle down at about three years of age. 
 
2.1.8. Puberty and reproductively 
Males and females reach reproductive maturity within (12-18 months). This 
variation depends on the breed, nutritional and physiological conditions. The 
growth rate of the dog is also a contributor. The female’s oestrus appears 
every 3-4 months and the pregnancy period takes 60-63 days (Ettinger, 1975). 
 
2.1.8.1. The estrus cycle 
Consists of four phases; proestrus is the first stage of the oestrus cycle which 
extends from 2-15 days with an average of 9 days. The oestrus phase extends 
from 1- 15 days also with an average of 9 days. This period is characterized by 
the birch’s’ acceptance of the male (Concannon et al. 1977a). The third stage 
is the diestrum which is defined as the first day in which the female refuses the 
male. Otherwise diesturs is defined as the beginning of a sharp decline of the 
11 
 
superficial cells from the vaginal epithelium (McDonald, 1975 and Cocannon 
et al, 1975). 
At the end the bitch enters a period of ovarian quiescence called anoestrus 
which is the final stage of the oestrus cycle (Olson, 1982). 
 
2.1.8.2. Sexual maturity in males 
Males like females reach puberty at varying ages, depending on the breed. 
Most males of all breeds are sexually mature and capable of producing 
puppies by one year of age. The smaller breeds usually mature earlier than the 
large and giant breeds. 
Male puppies will display mounting behaviour at a very young age (3-4 
weeks), but will not produce sperm. This puppy mounting behaviour will often 
disappear in a short time and then reappear as the dog approaches puberty. 
Although most dogs are sexually mature by one year of age, dogs should not 
be used for breeding until they are at least 2 years of age. 
 
2.1.9. Body measurements 
Studies analyzing growth and standards in dogs have focused on specific 
breeds but generally have not collected data for the entire growth period. 
Therefore it is difficult to describe the growth to maturity in dogs accurately 
because applications of these previous results are limited (Helmink et al, 
2000). Body features and standards of the different breeds of dogs are set by 
the kennel clubs which are spread in many countries around the world. One of 
the most famous kennel clubs is the American kennel club which provides 
extensive information about the body measurements and standards of different 
breeds. The club also holds many shows for the dogs raised by owners. The 
Australian national kennel club is another club interested in canine body 
features. 
 12
Breed and sex were found to affect the duration of growth. Helmink et al, 
(2000) studied the mature body weight and the duration of growth in Labrador 
retriever and the German Sheppard Dog (G.S.D). He found that the average 
mature weight and growth characteristics of Labrador retrievers and G.S.D. 
were as illustrated in table 2.1.  
 
As a species, the dog is unique in that it varies in body weight from 1kg in 
Chihuahua to 115 kg in St. Bernard. The time taken for a growing puppy to 
reach the adult body weight also varies considerably with large breeds having 
a longer growth period than smaller breeds. Also the rate of growth during this 
period is not constant.  
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Table 2.1: The mature body weight and growth duration in Labrador 
retrievers and G.S.D 
Mature weight 
 (kg) 
Growth duration 
 (days) 
Point of inflection 
(days) 
Breed-sex 
combination 
Mean SEM Mean SEM Mean SEM 
Labradors (F) 24.4 0.3 325 5 84 1.2 
Labrador (M) 29.1 0.3 326 5 86.6 1.3 
G.S.D (F) 26.8 0.3 319 6 82.7 1.6 
G.S.D (M) 31.4 0.3 335 6 87.4 1.5 
 
Source:Hemink et al.(2000) 
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Hawthorne et al (2004) found that breed-specific differences in growth pattern might be 
expected due to huge variations in size, temperament, and coat type, they found that 
99% of the adult body weight was reached at approximately 9-10 months in toy, small 
and medium breeds, whereas in large breeds it requires approximately from 11 to 15 
months. Table 2.2 shows the breeds used in the experiment and the parameters studied. 
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Table 2.2: Growth characteristics of different dog breeds calculated by fitting a logistics equation to growth curves
 
        
Source
Hawth
al  (20
No of dogs  
size 
 
Breed M F 
 
R2 
 
a kg 
 
1/b% 
 
X0 weeks 
 
Tgg weeks 
English Mastiff 2 2 0.995 669+ 0.28 10.9+ 0.24 22.9+ 0.19 65.2+ 0.92 
St. Bernard 2 2 0994 65.2+ 0.27 13.2+ 0.32 21.9+ 0.17 56.7+ 0.83 
Irish Wolfhound 2 5 0.998 52.4+ 0.11 15.3+ 0.22 19.1+ 0.09 49.1+ 0.43 
Great Dane 6 5 0.996 51.1+ 0.14 13.5+ 0.24 18.1+ 0.12 52.1+ 0.59 
Giant 
 
 
New Foundland 7 8 0.997 43.3+ 0.16 16.7+ 0.33 18.5+ 0.13 46.1+ 0.55 
large Labrador Retriever 16 21 0.994 28.1+ 0.12 13.7+ 0.33 18.6+ 0.18 52.1+ 0.79 
Beegle 12 0 0.998 17.4+ 0.05 17.0+  0.29 14.8+ 0.08 41.9+ 0.45 medium 
 English Springer Spaniel 8 6 0.997 14.8+ 0.07 18.3+ 0.42 14.3+ 0.13 39.4+ 0.56 
Cocker Spaniel 19 9 0.994 10.2+ 0.08 15.3+ 0.49 16.6+ 0.22 46.6+ 0.92 
Miniature Schnauzer 11 9 0.997 7.0+ 0.03 16.9+ 0.36 14.1+ 0.13 41.3+ 0.57 
Small 
 
Cairn Terrier 4 14 0.998 6.3+ 0.06 16.9+ 0.39 15.5+ 0.17 42.9+ 0.62 
Toy Papillon 1 2 0.979 2.2+ 0.01 15.0+ 0.85 11.1+ 0.28 41.7+ 1.58 
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2.2. Materials and methods 
This study was guided by the classification of the American and Australian 
kennel clubs in the design of body measurements which were compared with 
those of the G.S.D. and Saluki dogs. The G.S.D. was chosen for comparison 
because it is the breed used by the police dog school in Khartoum where the 
study was held and the management program was designed in accordance with 
the requirements of this breed. The Saluki breed was chosen because it is the 
only internationally registered breed indigenous to the Sudan.  
 
2.2.1. Location and duration of the experiment   
The experiment was conducted at the Police Dogs Administration, Ministry of 
Internal Affairs in Burry town, Khartoum. The experiment extended over a 3 
year period from June, 2003 till June, 2006. 
 
2.2.2. Experimental animals 
Thirty seven dogs (17 females and 15 males).  were collected from North 
Kurdufan sate central west of  Sudan in two trips in July 2004 and March 
2005. Twenty two indigenous dogs (11 males and 11 females)  were collected 
from the Blue Nile state south east  of the Sudan in August 2005. 
A considerable number of the collected experimental animals was excluded 
from this study due to the high mortality and bone fractures during the 
transportation process and the change of environment in the first two weeks 
after arrival. 
Twenty eight local dogs were used in the experiment (6 females and 7 males) 
from North Kordofan State and (6 females and 9 males) from the Blue Nile 
State. 
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Collected dogs were exposed to the management and breeding program of the 
police dogs school and a simplified training program. Scores were taken for 
body features and behavioural traits. 
 
2.2.2.1. The North Kordofan group (Kababeesh dogs) 
Twelve dogs from north Kordofan were brought into the kennels of the Police 
Dog Academy and on September, 2003 and on May, 2004 another batch of 8 
animals were brought in. Their ages varied between 2 and 10 months. The 
maximum distance between two points of collection was about 100 miles 
across the state. The locations of collection were: Sodary, Um Khirwie, 
Abuzaema, Hamrat el Shekh, Um Suta and Um Beteteekha. The environment 
of all these areas is a desert environment and the dominant tribe is the 
Kababeesh tribe after which the dogs are named. 
 
2.2.2.2. The Blue Nile state group 
21 puppies 3-5 weeks of age were brought from the Blue Nile state in south 
eastern Sudan. Those puppies were collected from uffud village. The tribes 
that raise these dogs are Umbararu and Kenana tribes 
 
A)  Umbararu tribe type 
These dogs are short haired with white or grey colour coats, they are graceful 
and elegant dogs with weak and thin bone formation. They are used 
commonly for hunting large rats and herding goats. 
 
B)  Kenana tribe type 
These have short haired and brown coat colour. They are heavier than the 
Umbararu type, less elegant, and their bone formation is stronger. Eleven 
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animals from the Umbararu type and ten animals from Kenana type were 
collected  
 
2.2.2.3. The Housing, management and breeding program 
All dogs from the two locations were exposed to the same breeding and 
management program which consisted of the following items: 
Kennels of dimensions 3x2x3 metres with concrete walls were built. The roof 
was made of wood to reduce the heat stress. The north and west facing walls 
were made of mud to facilitate ventilation. 
Two meals were given to the dogs, the morning meal consisted of one pound 
milk and 400 gm of bread and was given at 9 o’clock am. The after noon meal 
contained 400 gm dry dogs food prepared in the Police Dogs Administration 
consists of cereals minced lamb offal and  was given at 2 pm. 
2.2.3. The health care 
The health care was composed of three programs  
A) The vaccination program  
All the animals were vaccinated against the following diseases:  
Rabies, Parvovirus, Leptospirosis, Infectious hepatitis and Canine distemper 
as shown in table 2.3     
 
B) The deworming program   
  The deworming program was executed as shown in table 2.4. 
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 Table 2.3: Vaccination program of experimental dogs 
Age (weeks) Disease 
4 wks Parvovirus 
6 wks Canine distemper and Parvovirus again 
9 wks Parvovirus again 
11 wks Parvovirus, Leptospirosis, Infectious hepatitis. Canine distemper 
and Rabies 
*The dose on the twelfth week to be repeated annually  
*These treatments were given as subcutaneous injections 
 
 
 
Table 2.4: Worming program of experimental dogs 
Age (weeks) Worm 
3 wks Round and tape worms 
6 wks Round worms 
9 wks Tape worms 
 Round and tape worms 
*All deworming agents were given orally as tablets 
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C) The dipping program  
 This program was carried out against external parasites especially ticks and 
other external parasites every week using Cypermethrien solution diluted in 
water at the rate of 1 ml for 1 L water. 
There is a well equipped clinic for health care and treatment at the PDA. The 
most common dog disease in the Sudan is Gaurdiasis worms infections which 
usually result from improper house cleaning.  
Individual records were kept for each animal. The records contained date of 
birth, name of parents, vaccination, deworming doses, treatments given, age at 
first oestrus, age at first pregnancy in females, age of the first parturition and 
the number and size of litters. Monthly records of growth and trainability were 
taken. Also records included bone measurements and socializing, eligibility, 
trainability and problem solving scores.  
The cleaning of houses was carried out on a daily basis using water and soap 
powder. The animals were washed with water during the process of the house 
cleaning and dipped weekly in water diluted anti external parasitic agent. The 
lighting during the night was achieved by the use of lambs distributed in the 
yard.  
Dogs were taken for walks and a pre training program from 7:30 to 8 am. 
Then they went back to their houses for the morning meal and stayed in their 
kennels until the next day. The individuals with high trainability continued 
training from 8:30 until 9:10 am with a 15 minutes break. Sometimes the dogs 
were taken out again in the afternoon or evening to play and walk but this was 
not a regular routine. 
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2.2.4. The breeding program 
2.2.4.1. Mating scheme 
Males and females were selected for mating according to body size and 
behavioural scores. The high scores individuals were selected and the poor 
scores ones were not included in the mating program. Tables 2.5 and 2.6 show 
the mating scheme used and the individual body measurements and 
behavioural scores. On the oestrus phase in the oestrus cycle (the 9th, 11th and 
13th day of heat) females were exposed to the males. 
 
2.2.4.2. Pregnant bitches care 
Sixteen days after mating ultrasound investigations on females were done to 
confirm pregnancy. If pregnancy was confirmed the training exercise was 
changed to a program which is suitable for pregnant females and designed to 
help them during delivery.   
From day 45 after mating the quantity of the meals offered was increased by 
50% and the protein proportion was also increased by 15% to allow for the 
requirements of quick development of neonates. Boiled meat and eggs were 
introduced to the bitches according to their body weight and the general body 
appearance.   
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Table 2.5: Body measurements and trainability scores of individuals 
selected for breeding (Parental generation) 
Name Sex Height at 
withers 
(cm) 
Hind 
height (cm) 
Chest 
circumference 
(cm) 
Body 
length 
(cm) 
Trainability 
score (20) 
Kasir M 59 62 63 40 16 
Tumsah M 58 62 49 39 12 
Tiger M 61 60 66 43 14 
fulla F 55 47.5 61 39 12 
Nasy F 62 47 55 36 13 
Ritcha F 52 57 61 43 11 
M 55.5 + 0.93 49 + 1.62 59+  2.5 40.3+ 1.21  Population 
mean + SE f 60.8 + 1.36 54.7+ 1.74 57.5+ 1.9 41.1+ 1.11  
 
 
 
Table 2.6: Mating plan and litter size 
Family No Sire Dam Litter size 
1 Kasir Nansy 3 
2 Tiger Nansy 6 
3 Tiger Fulla 2 
4 Tumsah Ritcha 5 
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2.2.4.3. Preparing the bitch for parturition 
On the 50th day of pregnancy the bitch was transferred to the parturition 
kennel. The parturition kennel is larger than the ordinary kennel with a small 
separate room for the neonates and contains an air condition to provide a cool 
environment during the hot summer months in Sudan. The dipping program 
was stopped during this period and was replaced by a weekly bath with water 
and soap. People were prevented from visiting the parturition kennel to avoid 
any aggressive behaviour that could harm or disturb the bitches and their 
puppies.    
 
2.2.4.4. Delivery 
Puppies were weighed daily until they reached 14 days and were kept warm 
and dry. Suckling was watched and controlled; weak puppies that could not 
suckle well were helped. 
 
2.2.4.5 The health care of the new puppies 
Puppies were vaccinated and received prophylactics according to the protocol 
mentioned in tables 2.3 and 2.4. Food was introduced at the beginning of the 
third week and consisted of milk with bread and boiled eggs.       
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2.2.5. Taking measurements 
The weight was taken daily from the first day up to the fourteenth day. 
Starting from the beginning of the third week weight,  height at withers, hind 
height, body length, chest circumference and length between ears were taken 
weekly up to the 12th week and  from then onwards the measurements were 
taken monthly until the 18th  month age. The method of taking the 
measurements was illustrated in table 2.1 and figure 2.1 as described by the 
German shepherd dog club of America (2005). 
 
Mature body measurements were taken and compared with the standard 
measurements of the GSD which is raised by the PDA and saluki which is 
found in most of the regions of northern Sudan especially in desert and semi 
desert areas.  
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Table 1.7: Methods of body measurements 
trait Method of measurement 
Height at withers from the top of the highest point of the  shoulder blade  to the 
ground along the fore leg 
Hind height from the upper side of the hip till the ground along the rear leg. 
Body length From the point of the prosternum or breastbone to the rear edge of 
the pelvis 
Chest circumference The chest perimeter behind the fore legs 
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 Figure 2.1: Body measurements  
     
1- Height at withers 
2- Hind height 
3- Body length 
4- Chest circumference 
 
 
 
 
 
 
1
2
3 
4
27 
 
 
2.3. Results 
1.3.1. Weight at 18 months old 
Table 2.3 shows the average weight at maturity at (18 months of age) of the 
Kababeesh and Blue Nile types compared with the international weight 
standards of the GSD and saluki according to the American Kennel Club 
(1994) and the Australian National Kennel Council (1994). 
 
2.3.2. Weight gain from 3-12 months 
Table 2.8 shows The mature weight of Sudanese and foreign types. The mean 
body weight from 3 months of age up to 12 months of age for the kababeesh 
type and the Blue Nile type is shown in table 2.8, the number of individuals 
used in calculating the means was 7, 6 females and 8, 9 males of the 
Kababeesh and the Blue Nile dogs, respectively. The results showed that 
males were always heavier than females by approximately 1-2 kg during this 
period of growth.  
Table 2.9 also shows the body weight development of the Kababeesh and Blue 
Nile types  from 3- 12 months of age. Figure 2.4 shows the monthly  body 
weight growth, and figure 2.5 showed the monthly weight gain during the 
same period, the curve sowed an extreme reduction in the body weight during 
the period from 11 to 12 months and this is due to acute  giarda infection 
during this period. 
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Table 2.8: The mature weight of Sudanese and foreign types 
 
  
 
 
 
 
 
 
 
 
 
 
Table 2.9 Body weight  developments from 3- 12 months 
Dog type Month 3 4 5 6 7 8 9 10 11 12 
Male(N=8) 7.5 8.4 9.4 11.0 12.3 13.5 15.4 16.9 18.8 19.7 Kababeesh 
Female (N=7) 5.3 6.5 8.0 9.4 10.5 11.9 13.8 15.3 16.7 18.3 
Male (N= 9) 5.8 7.3 8.8 10.6 12.0 12.8 14.2 14.2 14.5 15.0 Blue Nile 
Female(N=6) 6.1 8.1 8.7 10.2 11.3 11.4 13.0 13.5 14.0 14.5 
 
 
 
 
 
 
Dog type/ breed Weight (kg) +SE 
 female 
Weight (kg) + SE 
 male 
Kababeesh type  
 
20.75 + 0.72  
n= 6 
21.42 + 0.88  
n=7 
Blue Nile type 
 
14.16 +  0.00  
n= 6 
14.77 + 1.62   
n= 9 
G.S.D  
(American kennel club  standards, 2006)  
35 – 40 
 
40– 45 
 
Saluki breed   
(American kennel club standards, 2006) 
- 
 
15 – 24 
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Figure: 2.2  
 
 
Figure: 2.3 Monthly body weight gains  
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2.3.3 Height at withers     
Table 2.10 contains the mature height at withers of Kababeesh type in both 
sex’s females and males compared with the same parameter standard in the 
Blue Nile type, G.S.D and Saluki dogs. 
 
2.3.4. Development in height at withers from 3 to 12 months of age 
Table 2.11 shows the development in height at withers. The curves of the 
monthly height at withers and growth rate  development are illustrated in 
figures 2.6 and 2.7. 
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Table 2.10: The mature height at withers 18 months of age of four breeds 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 2.11: Development in height at withers 
Dog type Age (month) 3 4 5 6 7 8 9 10 11 12
Male (N= 8) 43.2 45.0 46.7 48.1 49.7 51.1 52.4 53.4 54.4 55.3Kababeesh 
Female (N= 7) 44.9 46.6 47.2 48.1 49.0 50.3 51.0 51.8 52.5 53.3
Male (N= 9) 35.0 36.0 37.0 38.7 40.1 41.0 43.2 44.0 45.9 47.2Blue Nile 
Female (N= 6) 24.1 25.0 26.0 27.1 28.1 29.0 30.0 30.9 31.8 32.5
 
 
 
 
 
Dog type/ breed height (cm) 
 + SE Female 
height (cm) 
 + SE Male 
Kababeesh type  
 
55.5 + 0.93   
n= 6 
60.8 + 1.36  
n = 7  
Blue Nile type 
 
55.0 + 1.31   
n= 6 
58.0 + 1.62   
n= 9 
German shepherd breed (American 
kennel club standards, 2006)  
58.0 – 61.0 
 
61.0 - 66 
German shepherd breed  Australian 
national  
55.0 - 60 60.0- 65 
Saluki breed  (American kennel club 
standards,2006) 
Shorter than male 58.4 – 71.1 
Saluki breed  Australian national 
kennel council standard(January,1998)
Shorter than male 58.0 – 71.0 
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Figure: 2.4  Monthly height at withers development 
 
 
Figure: 2.5 The monthly height at withers growth rate 
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2.3.5. The hindquarter 
Table 2.12 shows the mature hind height in Kababeesh and Blue Nile types at 
18 month age. Table 2.14 shows the development in hind quarter height in 
both Sudanese dog types. 
 
2.3.6. The height at withers and hind height relationship: 
In order to illustrate the differences in the general appearance between the 
Blue Nile and Kababeesh dogs, the hind height of both was calculated as a 
percentage of the height at withers in table 2.13. 
Figures 2.8 and 2.9 show the monthly hind quarter development and growth 
rate. 
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Table 2.12: The height at withers at hind quarter of mature animals 
 
 
 
 
 
 
Table  2.13: The hind quarter calculated as a percentage of the height at 
withers 
Breed/Type Female  Male 
Kababeesh 88.4% 89.9% 
Blue Nile 98.5% 100.7% 
German shepherd 85% 85% 
 
 
 
Table 2.14: Monthly development in hindquarter height development 
Dog type Age (months) 3 4 5 6 7 8 9 10 11 12
Male (N= 8) 28.5 29.92 31.25 32.42 34.08 35.83 37.5 38.75 40.17 41Kababeesh 
Female (N= 7) 32.29 34.36 36.21 38.21 39.93 41.64 43.36 45.21 46.79 48
Male (N= 9) 29.29 31.5 33 34.36 35.14 36.08 37 37.83 38.58 39Blue Nile 
Female (N= 6) 33.56 34.89 35.89 37.39 39 40.61 42.33 44 45.44 46
Dog type/ breed height (cm) +SE Female height (cm) +SE Male 
Kababeesh type  
 
49.0 + 1.62 
n= 7 
54.7+ 1.74 
n= 8 
Blue Nile type 
 
46.0 cm + 1.20 
n= 6 
53.4cm + 1.68 
n= 9 
35 
 
 
 
 
Figure: 2.6The monthly hind quarter height development 
 
 
Figure 2.7 Monthly hind quarter height growth rate 
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2.3.7. The mature body length at 12 months of age 
The mature body length in both sexes of Sudanese types of dogs in contrast 
with the GSD and Saluki dogs standards was demonstrated in table 2.14 
The American kennel club recommends that the optimum length as a 
proportion of height at withers should be 85%. The estimation of body length 
for the GSD given in table 2.11  was calculated according to this ratio from 
height at withers data. 
Table 2.15 and figure 2.10 show the monthly development in body length in 
the two sexes of the Sudanese dog types, whereas figure2.11 shows the 
monthly body length growth rate. 
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Table 2.15: The mature body length 
*The standards were converted from inches to centimeters by multiplying by 2.53. 
 
 
 
 
Table 2.16: Monthly development in body length 
Dog type Age (months) 3 4 5 6 7 8 9 10 11 12
Male (N= 8) 32.8 34.5 35.7 37.3 37.5 39.0 40.7 42.0 44.4 45.Kababeesh 
Female (N= 7) 32.7 34.0 35.2 35.7 35.8 37.4 38.8 40.1 42.0 42.
Male (N= 9) 28.2 29.1 30.0 31.0 32.0 32.9 32.9 34.1 35.4 36.Blue Nile 
Female (N= 6) 26.2 27.0 27.9 28.6 29.4 30.5 31.4 32.9 34.2 35.
 
 
 
Dog type/ breed Length (cm) Female Length  (cm) Male 
Kababeesh type  
 
40.3 cm + 1.21 
n= 6 
41.1 cm + 1.11 
n= 7 
Blue Nile type 
 
57.1 cm + 0.26  
n= 6 
59.7 cm + 0.30 
n= 9 
German shepherd breed (American 
kennel club  standards, 2006)  
51.8 – 56.1 47.7 – 51.8 
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Figure 2.8 Monthly body length development 
 
 
Figure: 2.9  Monthly body length growth rate 
 
 
39 
 
 
 
2.3.8. Chest circumference 
Table 2.16 shows the mature chest circumference in both sexes of  Kababeesh 
and the Blue Nile types. 
Table 2.17 shows the monthly development in both sexes of Sudanese types 
from 3 -12 months. Figure 2.12 and 2.13 show the curves of the monthly 
development and growth rate of the chest circumference.  
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Table 2. 17: The mature Chest circumference at 18 months age 
       
 
 
     
 
 
 
  Table 2.18: Monthly development in Chest circumference 
Dog  type Age (months) 3 4 5 6 7 8 9 10 11 12 
Female (N= 8) 43.1 44.5 45.8 47.1 48.3 50.5 52.7 53.3 54.0 56.0 Kababeesh 
Male (N= 7) 44.0 45.7 47.6 48.7 51.2 53.0 55.2 55.8 56.0 57.0 
Female (N= 7) 30.2 31.6 32.7 34.9 36.4 38.4 40.1 42.3 44.4 47.2 Blue Nile 
Male (N= 8) 28.1 30.4 36.5 38.3 40.2 41.7 43.3 44.5 46.2 47.7 
 
 
 
 
 
 
 
Dog type/ breed circumference  (cm) Female circumference  (cm) Male 
Kababeesh type  
 
59.0 cm + 2.50 
n= 6 
60.4 cm +2.10 
n= 7 
Blue Nile type 
 
57.1 cm + 1.33 
n= 6 
59.7 cm + 1.47 
n= 9 
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Figure: 2.10 Monthly chest circumference development 
 
 
Figure 2.11 Monthly chest circumference growth rate 
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2.4.5. Discussion 
The topographic relief of the North Kordofan state is high hills and sandy 
dunes. There is a well-defined rainy season, which extends for 4 months a year 
during the summer. During the rainy season, annual plants grow and the 
pastures and shrubs become green.  
The Blue Nile state is a flat low lying plain. The rainy season continues for 
more than 6 months a year. Tall plants and grasses grow during this season. 
The green cover here is denser and more permanent than in North Kordofan 
State. 
Both types of Sudanese dogs studied live in open space areas and are raised 
mainly for herding and guarding although few people in the Blue Nile state 
used some of their dogs for hunting small animals such as rabbits and large 
rodents live in that area.  
Kababeesh tribes in North Kordofan have their primary breeding methods; 
they also keep the ancestry of their animals. Moreover, they have their own 
standards which they use to define the purpose of dog breeding from 
puppyhood to adulthood in terms of body conformation and temperament.   
The growth period in both Kababeesh and Blue Nile dogs varied between 11- 
14 months of age, which is equivalent to the growth period of the medium and 
large breeds according to the study of Hawthorne et al. (2004). 
The body weight development and duration of the Blue Nile type illustrated in 
figure 2.4 shows that both females and males reached a growth plateau when 
they were 13 months old. 
The body features and size of the Kababeesh and Blue Nile dogs classify them 
as medium size dogs according to the American Kennel Club (2000). This 
implies that they might take longer to reach mature size than the estimate of 
Hawthorne et al. (2004). 
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The data collected from 6 females and 9 males from the Blue Nile type during 
the period of 3 to 12 months of age shows less difference in weight between 
males and females compared to the Kababeesh type as shown in table 2.9. In 
the same way figures 2.4 and 2.5 show that, there is little difference in weight 
between the two sexes. 
Table 2.8 demonstrates that the Kababeesh type is significantly heavier than 
the Blue Nile type in both sexes but both types are lighter than the standard 
weight of the GSD 
The mature weight of the saluki breed seems to be similar to that of the 
kababeesh dogs’ body weight but apparently lighter than the Blue Nile type 
although the Saluki breed is longer and higher at shoulders than the 
Kababeesh type. 
The monthly height at withers growth rate found to be similar in both sexes, 
although the female’s curve of the Kababeesh type seems to fluctuate more 
than that of males as figure 2.6 and 2.7 show. 
Table 2.10 demonstrates that males of the kababeesh type had similar height to 
that of the GSD but the females were shorter than the female’s standards of 
the GSD. The difference in height at withers between females and males in 
kababeesh type is larger than the difference in the Blue Nile dogs. 
The growth in height at withers seems to follow the same pattern in both sexes 
as figure 2.6 demonstrates. The males were significantly higher than females 
when they reach the mature height at approximately 12 months of age.  
The difference between males and females in height at withers in the Blue 
Nile type is 10 centimetres less than in the Kababeesh type which seems to be 
very large especially when it compared with the standards of the Saluki and 
the GSD as table 2.10 shows.  
Tables 2.11 shows that during the first three months of the period from 3- 12 
months of age females were higher than males in the kababeesh type, but from 
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6 months of age males started growing faster than females and became higher 
at withers. The curves in figure 2.7 show that the growth  rate of height at 
withers stopped in both sexes at 8 months of age . 
Table 2.12 and 2.14 illustrates that males were higher at hind quarters than 
females in both types. The height at hind quarter in the Kababeesh type 
females and males was found to be 85, 92% of the height at withers, 
respectively. The Blue Nile type was found to be 98.5 and 100.7% for females 
and males, respectively as table 2.13 shows. These estimates show that the 
hindquarter of the Blue Nile type seems to be equal or higher than the fore 
quarters, especially in males in contrast with the Kababeesh type. These 
estimates imply that the growth rate of the fore quarters started decreasing and 
tapered off earlier than the hind quarter in the Blue Nile type.  
Table 2.15 illustrates that males were always longer than females by 0.4 to 2 
centimetres. Moreover, the body length growth during the period from one 
month to 12 months of age ceased when the animal reached 12 months of age 
in both sexes. Figure 2.10  shows the body length growth from 3 to 12 months 
of age. 
The body length of the Blue Nile type seems to be similar in both sexes during 
the first three months and then males apparently started growing faster than 
females. The difference exceeded 2 centimetres at the end of this period as 
table 2.16 shows. The body length growth curve rose rapidly during the period 
from 3- 9 months of age in both sexes as shown in figure 2.11. Again females 
demonstrated more stable body length growth than males. 
Tables 2.17 and 2.18 shows that males are deeper than females, also males 
grew more rapidly than females. Figure 2.17 shows that the mature chest 
circumference was reached at 13 months of age in both sexes. The growth rate 
seems to be similar in both sexes although males have a wider chest than 
females as figure 2.12 demonstrates. 
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The chest circumference measurements in males are less than that of females 
during the first three months. From the third month of age onwards males 
started growing faster and recorded higher scores of chest circumference than 
females as in table 2.18 
Both sexes of the Sudanese types reach the mature chest circumference at 12 
months of age as figure 2.12 shows. The growth rate of chest circumference in 
both sexes took a uniform shape, no significant differences were observed 
between females, and males as shown in figure 2.13. 
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CHAPTER THREE 
Mitochondrial DNA sequence, comparative 
 Analysis of three dog types from Sudan 
 
Abstract 
Many types and breeds are located in different regions in Sudan. They are 
bred for hunting, herding animals and recently as companion animals inside 
the houses. 
In this study, 87 cheek swab samples were collected for mtDNA analysis from 
three different regions of Sudan (40 from North Kordofan, 31 from the Blue 
Nile state and 16 samples from the River Nile state). These samples were 
compared with 6 samples taken from Telomian dogs. Three hundred eighty 
eight bps were sequenced and then maximum parsimony, neighbour joining 
and maximum likelihood trees were built up. 
The sequence was also compared with some ancient wolf sequence collected 
from different regions in the world. 
The results showed a close relation between the three Sudanese dog types, 
although the Blue Nile type seems to be more isolated compared with the 
other two types.  The maximum likelihood tree showed that the Asian wolf are 
closely related to the Sudanese dog samples, which implies some contribution 
of  Asian  ancestors in the gene pool of the Sudanese dogs.  
The distribution of the Sudanese dogs showed 11 haplotypes where two of 
them defined the North Kordofan and the Blue Nile dogs respectively. 
The analysis of variance showed that the variation within population was 
higher than between populations, which implies the multiple origins of those 
dogs. 
 
3.1 Introduction 
3.1.1 The dog origins 
DNA hybridization data shows that the dog family (Canidae)was diverged 
about 50 million years ago from other carnivore families, but the extant canids 
are very closely related and diverged from common ancestors about ten 
million years ago (Vila et al, 1999) . 
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Researches based on mitochondrial DNA identified three distinct groups 
within the extant canidae:- 
a. The red fox like canids which include red, kit and Arctic fox 
b. The South American foxes which consists of grey and pampas foxes 
c. the wolf like canids contains the domestic dog, grey wolf, Ethiopian wolf 
and jackals.  
Adams et al (2002) reported that the hybridization between the wild canids 
has been documented in many regions in the planet but it commonly occurs 
when one species is more abundant and dense than the other in the same area. 
Many theories are reported about the origins of dogs and the estimated time of 
their evolution, but most studies made in this field especially the ones using 
the molecular genetics and archaeological events imply that the common 
ancestor of the dog is the grey wolf. Wolves and humans lived in the same 
habitats for as much as 500.000 years ago (Clutton- Brock, 1995).  
Domestication might not have been apparent until the development of the 
human community from hunter gatherer cultures to more agrarian societies 
about 12.000 years ago. Then artificial selection begins and starts to reflect the 
dog conformation and features (Clutton- Brock, 1995). Also Turnbell and 
Read (1974) reported that the dog canis familiaris is the only member of the 
family Canidae, and the oldest animal that can be fully domesticated in the 
world, since the historical evidence revealed a strong connection with humans 
which could be traced back to the far pre-agricultural age (Ruvinsky and 
Sampson, 2001). 
Apparently, there are two common ways followed in studying the origins and 
evolution of the domestic dog; the archaeological fossils studies and the 
molecular genetics analysis. 
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The molecular genetic analysis is commonly dependent on studying the 
mitochondrion DNA (mtDNA) which consists of 16728 bp having a control 
region 1270 bp in the dog genome (Kim et al, 1998). 
The mtDNA of most mammals is maternally inherited (Roy et al, 1994). The 
high level of  oxygen radicals in the electron transport process and the low 
fidelity of mtDNA replication and DNA repair presumably explain  the high 
substitution rate of the mtDNA compared with nuclear DNA which is 10 time 
less (Kim et al, 1998). This phenomenon accompanied with the lack of genetic 
recombination and the maternal inheritance  make the mtDNA sequence 
comparisons between different species seems very useful for estimating the 
dates of relatively recent evolutionary events as well as the evolution of 
distantly related taxa. 
Archaeological events are one of the major sources of information about the 
evolutionary process and domestication of dogs. The main hindrance facing 
the archaeological fossil studies is the differentiation between wolves and 
domestic dogs remains during the early stages of the dogs domestication 
depending on the skull jaws and other appendicle bone measurements.  
Many dogs may be classified as wolves around that time because the feature 
divergence may not have happened at that time Ruvinsky and Sampson, 
(2001) and Dennis et al (1988.). 
Sometimes the DNA data contradicts the archaeological theories, some 
genetic data suggested that dogs were domesticated from wolves Canis Lupus 
multiple times over 100.000 years (Ruvinsky and Sampson, 2001). Moreover 
Wayne et al (1999) implied that the DNA sequences from dogs and grey 
wolves have originated from multiple wolf populations at a time much earlier 
than what the archaeological evidence suggested. 
Time assessment based on mtDNA performed by Wayne et al (1997) found 
that the difference in control region between the grey wolves and dogs is 1%. 
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However the same difference in the same region between the grey wolves and 
coyotes is 7.5% and it is known that grey wolves and coyote diverged I 
million years ago then by dividing 1.000.000/7.5 we can estimate the 
divergence time of dogs to be about ~135.000 years ago. 
Many archaeological events found that dogs were domesticated about 14.000 
years ago. The oldest dog bone fragment discovered was found in Germany. 
This bone fragment dated back to about 14.000 years B.P, slightly younger 
dog remains  date to 12.000 years B.P have also been found in Israel and Iraq 
(Leonard. et al, 2002). 
Generally, most archaeological studies indicate that as early as 14.000 years 
ago there was no domestic dog. Wolves, coyotes and jackals were the only 
existing canids at that time. It is true that they were the potential ancestors of 
the dog but no dogs.  
The questions we need to find out are 
1- Where is the dog originated ? 
2- The identity of the wild canine that gave rise to the dog, and how it 
became domestic and associated with humans ? 
3.1.2. The genetic diversity of the dog 
Two theories tried to explain the diversity and distribution of dogs all over the 
world, the first one suggested that dogs are originated from a limited founding 
pool before the date of the geographical isolation of the present continents. 
Leonard et al (2002) explain the large distribution of the dogs global wide. 
The other theory adopted the multiple origins of different evolutionary process 
in different regions in the world. Accordingly Darwin (1871) implied that 
domestic dogs were phenotypically so diverse that they likely had originated 
from two or more wild canine species. 
Vila et al (1997) reported that most breeds for which several individuals were 
sampled have at least 3-6 distinct sequences. Moreover, because the 
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mitochondrial DNA is maternally inherited they suggested that the high 
diversity among dogs may indicate multiple females were involved in the 
development of dog breeds. 
Wayne et al (1997) mentioned that most researchers demonstrate that dogs 
were derived in four distinct groupings or clades each with a separate ancestry 
with wolves as shown in figure 3.1. 
Vila et al (1997) and Okumura et al (1996) classified the four clades into A, 
B, C and D. Clade A included three wolf haplotypes found in China and 
Mongolia; clade B contained three wolf haplotypes, two found in East Europe 
(one of which is identical to a dog haplotype) and one in Afghanistan, clade C 
distributed all over the world except America whereas clade D was found only 
in Turkey, Spain and Scandinavia. 
Another two clades (E and F) were suggested by Savolainen et al (2002). 
Clades E and F were suggested to be found in Japan and Korea; and Japan and 
Siberia respectively. 
Savolainen et al (2002) sequenced 582 base pairs of mitochondrial DNA 
obtained from 38 Eurasian wolves and of 654 dogs from Europe, Asia, Africa 
and America. It was noted that dogs from East Asia possessed significantly 
more genetic variation compared with the dogs from other parts of the world, 
which suggested that the domestic dog may have originated there.                     
 Morphological evidence also points to the East Asia as the area of evolution 
of the domestic dog because an osteological jaw feature found in domestic dog 
is also found in East Asian wolves (Olsen et al, 1977).  
 Leonard et al (2002) found from mitochondrial DNA sequences isolated from 
ancient dogs remains from Latin America and Alaska that native American 
dogs originated from multiple Old World lineages of dogs that accompanied 
late pleistocene humans across the Bering strait.  
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Figure (3.1): Phylogenetic tree of wolf (W), dog (D), and coyote (C) mtDNA 
sequences. The tree was constructed using a Bayesian approach. The same 
topology was obtained with a neighbor-joining approach. Support is indicated 
at the nodes as percent bootstrap support for 1000 neighbor-joining replicates 
and Bayesian posterior probabilities. Four clades of dog sequences (I to IV) 
are indicated as in Vilà et al. (1997). 
Internal dog branches are marked in orange, and internal wolf branches are 
marked in light blue. The branch leading to wolf haplotype W1 was basal to 
the rest of the tree and it was also considered internal. Internal branches that 
could not be conclusively associated to dogs or to wolves are indicated in 
discontinuous green (Sighted in Björnerfeldt et al, 2006) 
 52
 
 
Figure: 3.2. Genetic relationships between mtDNA control region sequences (582 bp) 
from dingoes, domestic dogs, and wolves. (A) Phylogenetic tree showing all dog, wolf, 
and dingo mtDNA types. Unlabeled leaves denote mtDNA types from domestic dogs, 
yellow circles denote types unique to dingoes, red circles denote types found in both 
dingo and dog, and squares denote wolf mtDNA types. The tree is rooted to coyote 
sequences. Dog clades A–F are indicated with letters. (Taken from Savolainen et al, 
2004). 
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3.1.3. The process of domestication 
Today, it is accepted that dogs are the descendants of Eurasian grey wolves, 
and there is some evidence which indicated that they may have originated in 
East Asia.  The dog may be a very young species at only 14.000 years old. 
However, genetic studies suggested that the dog may have begun to diverge 
from the wolf as long as 135.000 years ago (Wayne et al, 1997). 
Dogs display a large number of characters not seen in wolves, such as piebald 
coats, floppy ears, and curly tails. Wolves are also seasonal breeders, with 
both males and females becoming fertile once per year.  Dogs are not seasonal 
breeders, and most females (with some rare exceptions) come into season 
twice a year, and males are fertile all year round. 
Many of the morphological and physiological differences that exist between 
dogs and wolves may not have been intentionally selected for by humans, and 
could have been a result of selection for tameness in dogs. Hare et al (2002) 
found in an experiment on reading the human communicative signals by 
chimpanzee, wolves and dogs, that dogs were more capable of reading the 
human gesticulations than chimpanzee. Also they noticed that wolves raised 
with humans were less skilled even than puppies that had had little human 
contact. The results implied that dogs have been selected for a set of social- 
cognitive abilities during their early domestication process.   
Trut (1999) described an experiment held in Russia in 1940 by Russian 
geneticist Dmitri Belyaev   who studied the process of domestication using a 
population of fur farm foxes. The foxes used were farm foxes raised, bred and 
treated as farm animals for 45 generations. The first generation was wild and 
difficult to handle. After six generations many signs of tameness appeared and 
some of them started behaving like dogs in terms of seeking human attention 
and friendship. This behaviour manifests in licking the experimenters and 
wagging tails. Twenty generations later 35% of the experimental animals 
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become domesticated. 70- 80% of the foxes became fully domesticated when 
generation 45 of the experiment was reached. 
The study suggests that physiological changes related to the hormones and 
neurotransmitters controlling behaviour occurred after several generations. 
These include the basal levels of corticoids significantly decreased in the 
experimental animals compared with the control group. Many body features 
changes also reported after several generations such as the coat colour and 
texture, tail length, floppy ears and skull morphology.   
Many of the differences between the domestic foxes and the wild foxes were 
similar to the differences seen between domestic dogs and wolves. Wolves do 
not have floppy ears, curly tails, or piebald coloured coats, but many dogs do.  
Skull size is also one of the main ways dogs differ from wolves and selecting 
foxes only for tameness changed their skull size. The results of this 
experiment seem to suggest that many of the unique characters seen in dogs 
and do not appear in wolves are a result of the selection of dogs for tameness.   
The domestication experiments done using foxes or other animals will lead to 
better understanding about the approximate factors guiding the evolution of 
dogs but it does not represent the conditions and environment of that far 
ancient process.   
3.1.4. Geographical distribution of the dog ancestors 
The dog family (Canidea) is a diverse group of 34 species varying in size and 
behaviour. The morphological diversity is matched by the diversity of natural 
history of the family. The earliest remains of the domestic dog dated from 10-
15 thousand years ago and the diversity of these remains showed multiple 
domestication events at different times and places. Dogs may have been 
derived from several different ancestral grey wolves (Ostrander and Wayne, 
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2005).Wolf like canids can travel great distance and overcome sizable 
topographic obstacles. Grey wolves have been observed to disperse over 
thousands of kilometers during their life time (Mech et al, 1987). As a result 
of this; a number of different sub species of the grey wolves and coyotes have 
been described (Hall, et al, 1981), also the molecular genetic analysis supports 
the existence of subspecies.  The population structure of the Old World wolves 
is different from that of their relatives in North America (Leonard et al, 2002). 
In crowded Europe wolf populations are highly fragmented and smaller in size 
(Wayne, et al, 1992). Analysis of mtDNA in European wolves showed that 
with one exception, each population had a single genotype not found 
elsewhere (Wayne, et al, 1992).  
The African wild dog a large wolf like canid, shows more geographic 
structure in distribution of genotypes than wolf and coyotes. It is found in sub-
Saharan Africa. The Rift Valley lakes may effectively interrupt gene flow 
between the eastern and southern populations and there seems to be no gene 
flow across this barrier, since eastern and southern African wild dog do not 
share any mtDNA genotypes (Girman, et al, 1993). 
Species such as wolves and coyotes that are highly mobile and can interbreed 
under some conditions may form large hybrid zones. Several hundred years 
ago, coyotes were numerous only in the southern United States and wolves 
were common towards the north. Where wolves are abundant, they will 
exclude the much smaller coyotes from their territories (Carbyn, et al, 1982). 
After the arrival of the European settlers agriculture and predator control 
programs caused wolf populations to dwindle while the coyote a remarkably 
flexible and opportunistic species expanded its geographic range to areas north 
and east (Nowak, 1979). Today the coyote is found throughout most of North 
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America. In eastern Canada the area invaded by coyotes in the  last 100 years, 
several genotypes identical or very similar to those found in coyotes were 
discovered in individuals phenotypically identified as grey wolf (Lehman,.et 
al, 1991).    
An experiment performed by Savolainen. et al (2004) studied 582 bp of the 
mtDNA control region of 211 Australian dingoes sampled in all states of 
Australia, 676 dogs from all continents and 38 Eurasian wolves. They also 
studied 236 bp of 19 pre-European archaeological dog samples from 
Polynesia. They found that all mtDNA sequences among dingoes were either 
identical to or differing by single a substitution from a single mtDNA type 
A29. This mtDNA which was present in more than 50% of the dingoes and it 
was found also among the domestic dogs, but only in dogs from East Asia and 
Arctic America. The mean genetic distance to A29 among the dingo mtDNA 
sequence indicated an origin approximately 5000 years ago. According to this 
result we can say that dingoes have origins from domesticated dogs coming 
from East Asia .possibly in connection with the Austronesian expansion into 
island Southeast Asia. They were introduced from a small population of dogs, 
possibly at single occasion, and have since lived isolated from other dog 
population.  
3.1.5. Classification of dog breeds 
Among all creatures dogs are highly diverse; the variety of dog morphologies 
has existed for millennia. Moreover reproductive isolation between dogs was 
formalized with the advent of breed clubs and breed standards in the mid–19th 
century. Since that time, the promulgation of the “breed barrier” rule – 
registration of individuals according to the breed of the parents- has ensured a 
relatively closed genetic pool among dogs of each breed. Currently there are 
more than 400 described breeds (Parker et al, 2004). 
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Dogs have been bred for a wide range of activities including hunting attacking 
other dogs or animals for sports, attacking people, farm yard work, guarding 
and watch dog activity, herding, racing, sledge, retrieving, rescue and cart 
pulling, scent following and acting as comforters. All of these behaviours and 
abilities are already present at the genetic make- up of dogs (Fogle, 1992). 
There are many methods of classification of dog breeds according to their 
work, body feature or behavioural traits.  
 
3.1.5.1. Classification according to the DNA sequence 
The modern dog has a distinct population structure with hundreds of 
genetically isolated breeds, Studies of linkage disequilibrium suggested that 
existing dog breeds are resultant of at least two bottle neck processes. The first 
one happened during the domestication from wolves (7.000- 50.000 
generations before) and the second one happened during the intensive 
selection to create the current breeds (50- 100 generations before). 
Strong genetic differentiation among dog breeds suggests that breed 
membership could be determined from individual dog genotypes. Parker et al 
(2004) studied the probability of whether a dog could be assigned to its breed 
on the basis of genotype data alone. Using the direct assignment method with 
a leave-one-out analysis, was able to assign 99% of individual dogs to the 
correct breed. Only 4 dogs out of 414 were assigned incorrectly. Also 
Lindblad-Toh et al (2005) were able to generate a SNP map of the dog 
genome containing 2.5 million distinct SNPs mapped to the draft genome 
sequence, corresponding to an average density of approximately one SNP per 
kb. 
Preliminary evidence of long-range linkage disequilibrium (LD) within breeds 
has been reported by Sutter et al (2004) and corroborated by Lindblad-Toh et 
al (2005). Five genome regions were examined (0.1% of the genome) in five 
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breeds using 200 SNPs with high minor allele frequency. LD seemed to 
extend 10–100-fold further in dog than in human, with relatively few 
haplotypes per breed. 
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3.2. Materials and methods 
3.2.1. Samples collection 
Eighty seven cheek swabs were collected for DNA analysis from three regions 
of Sudan 40 samples from the Kababeesh tribe area in North Kordofan state 
western Sudan, 31 samples from Damazin state south east of Sudan and 16 
samples from the River Nile state in northern Sudan. The number of samples 
was collected according to the availability and the distribution of each breed. 
Each swab inserted into the dog’s cheek, screwed 10- 15 times, left to dry by 
air for 1- 2 minutes, and then replaced into its original package. Swabs were 
stored at room temperature for 10 months before taking to the lab for 
extraction 
 
3.2.2. DNA extraction 
DNA extracted from buccal swabs in 140 µl 1M Tris buffer pH 8.0 according 
to the protocol mentioned by Oberbauer et al, (2003).  
The DNA was extracted from each swab individually, swabs placed in 400 µl 
of NaOH 50 Mmol/L and incubated in 95ºC for ten minutes, then the swabs 
were gently swirled to give maximum recovery of DNA and after that each 
swab was massaged with the edge of the tube before removing. Finally 100 µl 
of Tris buffer 1 mol/L pH 8 was added to each sample.  
 
3.2.3. Primers design 
The primers designed to target a region 541 bp from a control region in the 
mitochondrial D-loop with a slight extension from both sides of the region. 
The sequence was computationally mined from the published genomic 
sequence by Savolainen et al, (2002).  Primers designed using Primer3 with 
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standard parameters. Candidate primers were computationally screened to 
ensure unique binding sites in the genome.  
The size product of the two sets of primers applied for the two reactions was 
787 bp from 15360 to 16125 of the complete mtDNA genome. Table 3.2 
shows the primers sequence, size and annealing temperature. 
 
3.2.4. Amplification and purification  
Ninety five wells plate was prepared for the PCR reaction, the mix was 
prepared for 105 samples. The total volume in each well was 50 µl. Table 3.1 
shows the concentrations and volumes for the first PCR reaction. 
Two PCR reactions were done, the amplification reaction and the sequencing 
reaction with different sets of primers as shown in table 3.2. 
Figure 3.3 illustrates the thermocycling program which was also the same in 
both PCR reactions. 
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Table3.1: PCR mix for105 sample 50 µl in each well 
Item Final concentration Volume (µl) 
n= 105 
dH2O - 1391 
TMAC 1 M 1050 
PCR buffer 1X 525 
dNTPs 200mM 525 
MgCl2 2.5mM 315 
AmpliTAq 0.15 26 
Oligo F 0.25µM 3.75  
OligoR 0.25µM 3.75  
Template 50ng 6 each 
Total volume - 5250 
 
Thermo cycling program 
93 degrees for 3 min 
93 degrees for 20 sec 
53 degrees for 20 sec (40 cycles) 
72 degrees for 1 min 
72 degrees for 7 min 
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Table 3.2: :Primes used for the mtDNA PCR reactions 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PCR reaction Sequence Size 
Amplification PCR F: ATTACCTTG GTC TTG TAA ACC 
R:  AAA CTA TAT GTC CTG AAA CC 
21bp 
20bp 
sequencing PCR F: CTC TTG CTC CAC CAT CAG C 
R: AAC TAT ATG TCC TGA AAC CAT TG 
19bp 
23bp 
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3.2.5. Sequencing reaction 
PCR product (template) was purified precipitated and prepared for sequencing 
using the sequencing primers and the Dye terminator clean- up kit (DTC), the 
primers in table 3.2 were used as sequencing primers and were synthesized 
according to manufacturer's procedures on the Beckman Oligo 1000. The 
reaction performed by adding DTC and sequencing primers to the template 
then the product was resuspended and injected for sequencing in the BEQ 
MAN sequencer. 
 
3.2.5. Data preparation and statistical analysis 
Sequences were collected and aligned using ClustalW 
(www.ebi.ac.uk/clustalw), A few samples were prepared manually to confirm 
the output of the alignment.  
Phylogenetic and molecular evolutionary analyses were conducted by building 
a maximum parsimony and neighbour joining trees using MEGA version 3.1 
an integrated software for molecular evolutionary genetics analysis and 
sequence alignment prepared and published by  Kumar, et al ( 2004). A 
maximum likelihood tree was also built using Bio edit version 7.0. 
Sequences were collapsed into haplotypes using the program COLLAPSE 
(Version 1.0), available at (http://darwin.uvigo.es). All haplotypes were 
compared with the DNA sequence information stored in the GenBank 
database. 
Arliquine version 3.0 (http://cmpg.unibe.ch./software/alriquine3), an integrated 
software package for Population Genetics data analysis designed by Laurent et 
al (2005) was used to carry out an analysis of the molecular variance 
(AMOVA; Excoffier et al 1992). Three groups were defined taking into 
account the geographic origin of the samples: Blue Nile, North Kordofan and 
River Nile.  
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3.3. Results 
3.3.1. Samples preparation 
Thirty-seven samples were sequenced successfully from the three study areas, 
in addition 5 DNA sequences extracted from the Telomian, a Malaysian dog 
breed were used to compare with the Sudanese dog types. 
The Telomian dogs are very similar in their general features to the indigenous 
Sudanese dogs. Table 3.3 shows the number of samples sequenced and used 
for preparing the different types from the three areas in Sudan and the 
Telomian breed  
 
3.3.2. Distribution of samples between the haplotypes 
Table 3.4 shows the sequence alignment and collapsing the sequences into 
haplotypes using collapse1.2 software the results show 11 haplotypes of the 
Sudanese dog sequences.  
Table 3.5 shows the distribution of the Sudanese dog samples among 
haplotypes. 
The structure and polymorphism of the Sudanese samples alignment compared 
with the reference sequence from the Gene Bank is shown in table 3.6 
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Table 3.3: Distribution of samples used for preparing the analysis 
Study area No of samples 
North kurdofan 14 
Blue Nile  11 
River Nile 12 
Telomian 5 
Total 42 
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                             Table: 3.4: Sudanese dogs database, haplotypes and frequencies  
 
                     *The sequence ranges from 15741- 15922 of the mtDNA complete genome in the gene bank 
 
Position 
Haplotype 
2 4 9 20 27 28 33 71 
16
8 
16
9 
18
3 
21
8 
25
3 
26
1 
27
3 
29
1 
29
5 
29
8 
30
2 
33
0 
Reference T G A G G G G G A G A G G T G C G A A C 
F
Hap1 . . . . . A . A  A . . . . A . . . . . 0.
Hap 2 . . . . . A . . . A G . . . . . . . . . 0.
Hap 3 . . . . . . . A G A . . . . . . . . . . 0.
Hap 4 . . . . . A . A . A G . . . . . . . . T 0.
Hap 5 . . . . . . . A G A . . . . . . . . . . 0.
Hap 6 . . . . . . . . . A G C A G . . . . . T 0.
Hap 7 . . . . . . . . . A G . . . . . . . . . 0.
Hap 8 . . . . . . A . . A . C . . . . . . . . 0.
Hap 9 . .  . . . . . . A . . . . . . . . . T 0.
Hap10 . A . C A A . . . A . C . . . . . . . . 0.
Hap11 G A T .  A . . . A  . . . . T T T T . 0.
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Table:3.5: Distribution of the Sudanese and telomian dogs groups between 
haplotypes 
                                                               
Haplotype Number of 
sequences 
No. B.N 
sequences
No. West 
sequences
No.North 
sequences 
No.Telomian
sequences 
Hap1 12 4 4 4 1 
Hap 2 2 2 0 0 0 
Hap 3 7 2 2 3 0 
Hap 4 3 1 1 0 0 
Hap 5 5 2 2 1 0 
Hap 6 1 0 1 0 0 
Hap 7 3 0 1 2 0 
Hap 8 1 0 1 0 0 
Hap 9 2 0 2 0 0 
Hap10 1 0 0 1 0 
Hap11 1 0 0 1 0 
Hap 12 0 0 0 0 4 
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Table: 3.6: Structure and sequence polymorphism in the mtDNA D-loop 
region                                                                                        
* The reference sequence represents the same region of the mtDNA D-loop as in the 
gene bank data base.
Position 2 4 9 20 
2
4 
2
8 
3
2 
8
4 
1
6
8
1
6
9
2
1
8 
2
5
3
2
6
1 
2
7
3
2
9
1
2
9
5 
2
9
8 
3
0
2 
3
3
1 
3
3
3 
3
4
0 
3
4
4 
3
5
1 
3
5
6
3
6
2
Ref seq T G A G G G G A A G G G T G C G A A C A T A G T G
Telomian 526 . . . . . A . . . A . . . . . . . . . G . C . . . 
Telomian 510 . . . . A . . . . A . . . . . . . . . . . T  C . 
Telomian 515 . . . . . A . C . A . . . . . . . . . . . T . C . 
Telomian 513 . . . . . A . . G A . . . . . . . . T . C C A . . 
Telomian 523 . . . . . A  . . A . . . . . . . . . . . T . C . 
B.N360 . . . . . A . . . A . . . . . . . . . . . T . C . 
B.N502 . . . . . A . . . A . . . . . . . . . . . T . C . 
B.N506 . . . . . A . . . A . . . A . . . . . G . C . C . 
B.N526 . . . . . . . . . A . . . . . . . . . . . T . . . 
B.N522 . . . . . A . . . A . . . A . . . . . G . C . . . 
B.N520 . . . . . A . . . A . . . . . . . . T . C C A C A
B.N524 . . . . . . . . . A . . . . . . . . T . . T . C . 
B.N512 . . . . . A . . . A . . . . . . . . . . . T . C . 
B.N512 . . . . . A . . . A . . . . . . . . . . . T . C . 
B.N526 . . . . . . . . . A . . . . . . . . . . . T . C . 
B.N497 . . . . . A . . . A . . . . . . . . . . . T . C . 
West515 . . . . . A . . . A . . . . . . . . . . . T . C A
West504 . . . . . A . . . A . . G . . . . . . . . T . . . 
West524 . . . . . . . . G A C . . . . . . . T . C C A . A
West519 . . . . . . . . G A . . . . . . . . T . C C A C A
West520 . . . . . . . . . A . . . . . . . . . . . T . C . 
West501 . . . . . A . . . A . A . . . . . . . . . T . C . 
West507 . . . . . A . . . A . . . . . . . . . . . T . C . 
West518 . . . . . A . . . A . . . . . . . . . . . T . C . 
West814 . . . . . A . . . A . . . . . . . . . . . T . C . 
West509 . . . . . A . . . A . . . . . . . . . . . T A C A
West497 . . . . . A A . . A . . . . . . . . . . . T A . A
West524 . . . . . . . . . A . . . . . . . . T . . T . . . 
West520 . . . . . . . . . A . . . . . . . . T . . T . C . 
West511 . . . . . . . . . A . . . . . . . . . . . T . . . 
North502 . . . . . . . . . A . . . . . . . . . . . T . . . 
North505 . . . . . . . . . A . . . . . . . . . . . T . C . 
North514 . . . . . A . . . A . . . . . . . . . . . T . C . 
North526 . A . . . . . . . A . . . . . . . . . . . T . C T
North500 . . . . . A . . . A . . . . . . . . . . . T . C . 
North516 . . . . . . . . . A . . . . . . . . . . . T . . . 
North527 . . . . . A . . . A . . . . . . . . . . . T . . . 
North514 . . . . . A . . . A . . . . . . . . . . . T T C . 
North522 . . . . . A . . . A . . . . . . . . . . . T . C . 
North464 G A T . . A . . . A . . . . T T T T . . . T . C . 
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3.3.2. The analysis of variance 
The analysis of variance performed and the results are illustrated in table 3.3 
Table 3.7: Analysis of variance 
Source of variance d.f Sum of 
squares 
Variance 
components 
Percentage of 
variance (%) 
Among populations 3 6.77 0.08 6.07 
Within population 40 53.45 1.34 93.93 
Total 43 60.22 1.42  
 
 
 
 
3.3.3. The neighbour joining tree including Telomian breed  
The neighbour joining tree in figure 3.4 shows the relationship between the 
three study groups of the Sudanese dogs and the Telomain breed.  
 
 
 
 
 
 
Figure 3.3: Neighbour joining tree of three Sudanese types and Telomian 
breed  
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 Blue Nile (11 samples)
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3.3.4. Maximum parsimony tree 
Figure 3.4 shows the maximum parsimony tree prepared to measure the 
relationship between the individuals of the three study areas. 
 
3.3.5. Maximum likelihood tree  
A maximum likekihood tree built using the Sudanese dog samples, Telomian 
samples, 9 samples of wolves’ Canis lupus from different areas of the world 
and one sample of coyote Canis lautrans in figure 3.5 
 
3.3.6. Neighbour joining tree of Sudanese dogs haplotype 
representatives and wolf and coyote sequences 
Figure 3.6 shows a tree constructed from 7 Sudanese dog samples which 
represent the main haplotypes of the Sudanese samples and the ancient wolf 
samples published by Björnerfeldt (2006 
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Figure. 3.4: Maximum parsimony tree of Sudanese dogs from the 
three study areas. The number of Taxa is 38, the bootstrap replicates 
is 1000 and the random seed 23070. 
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Figure.3.5: Tree constructed using  Maximum Likelihood method of mtDNA sequence 
of ancient wolves and coyotes suggested to be the ancestors of dogs published by 
Björnerfeldt et al (2006) compared with the same region of the mtDNA sequence of 
Sudanese dogs and Telomian breed. The red labels show the ancient wolves and coyotes, 
the green one show the reference sequence of the domestic dog from the gene bank and 
the black labels shows the Sudanese dogs and Telomian breed. 
fE 1 1  N o r th
fF 4  W e s t /1
fH 1 0  W e s t/
fE 5  W e s t /1
fC 8 C 5  B .N /
fE 7  N o r th /
fC 1 2  B .N /1
fC 9 C 5  B .N /
fH 1 2  W e s t/
fD 8  N o r th /
fD 5  N o r th /
fE 1 2  N o r th
fE 1 0  N o r th
fH 3  W e s t /1
fG 4  W e s t /1
r e fe r e n c e
fA 1 1  M u ltb
fA 7  T e lo m a
fD 9  N o r th /
fD 1 0  B .N /1
fA 8  T e lo m a
fD 1 2  B .N /1
fC 5  B .N /1 -
fD 3  N o r th /
fE 6  N o r th /
fG 9  W e s t /1
fA 9  T e lo m a
fD 1  N o r th /
fE 8  N o r th /
fG 1 1  W e s t/
fG 1 2  W e s t/
fH 9  W e s t /1
fG 1  W e s t /1
fB 7  B .N /1 -
fH 1 1  W e s t/
fB 1  B .N /1 -
fD 4  N o r th /
D Q 4 8 0 5 0 6  C
D Q 4 8 0 5 0 3  C
fF 3  W e s t /1
fA 1 0  T e lo m
fB 4  B .N /1 -
fG 3  W e s t /1
D Q 4 8 0 5 0 8  C
D Q 4 8 0 5 0 5  C
N C  0 0 8 0 9 2  
D Q 4 8 0 5 0 4  C
fC 4  B .N /1 -
fD 1 1  B .N /1
fA 6  T e lo m a
D Q 4 8 0 5 0 7  C
D Q 4 8 0 5 0 9  C
N C  0 0 8 0 9 3  
D Q 4 8 0 5 1 0  C
D Q 4 8 0 5 1 1  C
73 
 
 
 
 
 
 
 fG9 West/1-514 H7
 fG4 West/1-524 H9
 fG11 West/1-509 H8
 fC12 B.N/1-502 H11
 fB1 B.N/1-524 H5
 fB4 B.N/1-520 H4
 fG3 West/1-524 H6
 fD1 North/1-464 H11
 fE8 North/1-514 H10
 DQ480506 Canis lupus Saudi Arabia
 fC5 B.N/1-526 H3
 fD11 B.N/1-506 H2
 DQ480505 Canis lupus Spain
 DQ480508 Canis lupus
 DDQ480504 Canis lupus Sweden
 DQ480507 Canis lupus Saudi Arabia
 DQ480511 Canis lupus colorado
 DQ480511 Canis latrans
 NC 008093 Canis latrans
 DQ480510 Canis latrans colorado59
99
55
8
51
11
43
57
44
38
36
0.0000.0050.0100.0150.020
 
 
Figure .3.6: Neighbour joining tree constructed for haplotype representatives 
of the Sudanese dog samples and ancient wolves and coyote sequences 
published by Björnerfeldt et a (, 2006). T number of Taxa is 20, the 
bootstrap replicates 10000 and the random seed 67971. 
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3.4. Discussion 
The mtDNA of the dog contains 16728 pb (GenBank accession U96639), 
the last third of it is the most polymorphic region and is commonly used by 
many studies concerning the evolution of the dog These studies have 
contributed a great deal to the efforts of understanding the process of 
domestication during the early stages and divergence  from wolves. Because 
recombination is rare and the evolutionary rate of the mtDNA is very slow it 
is used widely to elucidate the relationship between wolves and dogs. It is 
also used to study the evolutionary periods during the early divergence of 
dog ancestors but it is not a suitable method to study the relationships among 
modern dog breeds, most of which have existed for fewer than 400 years 
(Ostrander et al, 2005).  
Generally there was no direct correlation between mtDNA-types and the 
breeds of dogs, although there were a number of mtDNA-types unique for  
specific breeds, but those types were normally not the most common for that 
breed (Angleby and Savolainen ,2005 ). 
Microsatellite sequences are widely used to understand the relationship 
between different breeds and types of individuals within the breeds although 
many studies failed to establish broader phylogenetic relationships among 
the breeds ( Koskinen,et al, 2003 and Irion et al, 2003). However, other 
studies succeeded in describing genetic relationships in a diverse collection 
of 85 domestic dog breeds (Parker et al, 2004). 
The failure of the previously mentioned studies may be attributable to the 
properties of the microsatellite loci or analytical methods used in the study. 
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Currently it is widely known that more than 90% of the dogs can be assigned 
to thier breeds on the basis of genotype data alone but the limited number of 
breeds examined may extremely affect the efficiency of this method (Parker 
et al, 2004). 
 
3.4.1. Sudanese mtDNA sequence Database 
The size product of the target sequence of the study for which the primers 
were designed was 787 bp corresponding to (15360- 16147) in the complete 
canine mtDNA genome sequence (GenBank accession U96639). Only 388 
bp were successfully aligned corresponding to (15594- 15982) of the 
previous mtDNA genome. 
Although the Sudanese dogs were distributed among 11 haplotypes as 
shown in tables 3.4 and 2.5; we can clearly recognize that the Blue Nile dogs 
were different from the other Sudanese dog groups due to the narrower 
distribution of this type among the haplotypes.  
The distribution of haplotypes between the Sudanese dog groups showed 
two haplotypes (10 and 11) which appeared within the River Nile group 
whereas haplotypes 6 and 8 emerged within the North Kordofan group only. 
At the same time haplotype 2 appeared only in the Blue Nile group. 
The Telomian sequences were clustered in haplotype 1 except for one 
sample which was found in a haplotype within which the Blue Nile dogs  
represent the majority of dogs. 
Table 3.6 shows two transitions in the Sudanese dog sequences compared to 
the reference sequence collected from the GenBank; A instead of G and T or 
C instead of A in positions 169 and 344, respectively or positions 15763 and 
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15938 on the complete genome of the canine mitochondrion, respectively. 
Table 3.4 also shows the same mutations in the above mentioned position 
(15763). This mutation can identify all the three types  and implies the 
ancient origin of the Sudanese dogs. 
Interestingly another mutation in position 371 of the sequence studied was 
noticed as C instead of A only among the River Nile dogs type.  
Table 3.6 shows the location of the mutated SNPS among the three types of 
Sudanese dogs which appeared during the alignment process. The 
substitution in position 363 appeared to be shared by both the Blue Nile and 
the River Nile types whereas the substitution in position 331 was shared by 
the Blue Nile and the North Kordofan dog types. Other mutations do not 
indicate the presence of any co-relation between different groups 
The sequence aligned in table 3.6 (385 bp) shows 27 mutated SNPS. One 
SNP shows tri allelic nucleotide substitution whereas the others reveal bi-
allelic substitution or single nucleotide polymorphisms compared with the 
reference sequence from the gene bank.  
Table 3.6 shows that the Blue Nile type is the closest Sudanese dog type to 
the Telomian breed. This result is also supported  by the results shown in the 
tree of figure 3.3. 
 
3.4.2. Neighbour joining tree of the groups 
The neighbour joining tree of the three Sudanese dog types and Telomian 
breed in figure 3.3 revealed that the River Nile (North) and the North 
Kordofan (West) are more related or closer to each other than the Blue Nile 
Type. Also the tree showed that the three Sudanese dog types are more 
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clustered together when compared with the Telomian breed, although the 
Telomian looks close to it’s general appearance to the Sudanese dogs.  
 
3.4.3. Maximum parsimony tree 
The maximum parsimony tree was prepared for the three types of Sudanese 
dogs, and it illustrates that generally all Sudanese dogs have the same origin. 
This is true although the distribution of the types within the five clades 
which appeared in the tree showed that the Blue Nile type was clustered in 
clade 1 and 2 whereas the other three clades were mostly consisted the North 
Kudufan and River Nile types. This result supports the fact revealed in table 
3.6 that the Blue Nile dogs are more isolated and more distant from the other 
two types of Sudanese dogs. 
The comparison between the  haplotypes and the maximum parsimony tree 
shows that haplotype 1 is more clustered in clade 5 whereas haplotype 2 is 
mostly located in clade 2 and 3, haplotype three is noticeable within clades 
2and 5. 
The boot strapping replication of the tree was 1000 times but the replication 
number of the outer or rooted branches of the tree is weak this situationmost 
probably refer to the degree of similarity between the sequences which are 
also limited in number (38 sequences). 
 
3.4.4. Maximum likelihood tree of wolves and Sudanese dogs 
The first three individuals of the upper clade of the maximum likelihood of 
the Sudanese dogs show a conserved cluster which seems to be surprisingly 
close to one of the Telomian sequences and two of the wolf sequences 
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(DQ480508 and DQ480505) from Canada and Spain. In the maximum 
likelihood tree constructed in that manner a sort of relationship appeared 
between the Sudanese dog sequences and an ancient wolf sequence found in 
Saudi Arabia. This result supports to the hypothesis indicating the presence 
of Asian origins of Sudanese dogs during the numerous migrations from that 
area to the eastern coast of Africa.  
 
3.4.5 The neighbour joining tree of Sudanese haplotypes representatives 
and wolves sequences 
Some of the Sudanese dog samples show a close relation with one of the 
wolf samples found in Saudi Arabia. This result may support the possibility 
of the Asian origins of the Sudanese dogs mentioned before. The coyote 
(Canis latrans) samples are clustered in a separate clade far away from the 
Sudanese dogs samples. While the wolf samples are located between the 
dogs and coyote in the tree, the same clade found in the maximum likelihood 
tree appeared in this tree sharing the four wolf sequences, one haplotype 
with the Sudanese dog sequences. 
 
3.4.6 The analysis of variance 
The analysis of variance shows that the variance within group is larger than 
the variance between the two groups which indicates to the high capability 
of the kababeesh group in response to selection compared with the Blue Nile 
group. 
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CHAPTER FOUR 
Effect of visceral leishmania in indigenous dogs from Gadarif 
state 
 (An endemic area in Eastern Sudan) 
 
Abstract 
Visceral leishmaia is considered as one of the major health problems in 
many regions of the Sudan. The disease is transmitted by the bite of the 
phelobotomous sand fly.  Many research works implied that animals such as 
dogs, donkeys and rodents act as reservoir hosts for the leishmania parasite. 
82 buccal swabs and dry blood samples have been taken from feral dogs 
living in 11 villages along Atbara River which is considered as an endemic 
area. Five candidate genes (NRAMP1, DLA, IFN-γ, TBX, and iNOS) were 
genotyped to study the genetic sensitivity of the dogs. 
The results show a strong association with the disease with the TBX21, and 
a weak association with the iNOS.  
 
4.1. Introduction 
Leishmania is a worldwide disease found in five of the six continents; the 
World Health Organization (WHO) estimated the number of infected people 
to be 12 million among the whole human population. On the other hand 
there are facing about 1.5- 2 million new cases every year (WHO, 1995). 
The disease is epidemiologically classified as tropical and subtropical, it 
spreads over 88 countries across these areas. Leishmania is caused by an 
intracellular protozoa of the genus Leishmania and appears in four different 
forms:  
(i) Visceral leishmaniasis (VL) 
(ii) Cutaneous leishmaniasis (CL) 
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(iii) Mucocutaneous leishmaniasis (ML) 
(iv) Post kala-zar dermal leishmaniasis (PKDL) 
 
Leishmania parasites exploit a specific type of sand flies from the genus 
Phlebotomus to transmit from one host to another during their life cycle.  
Variable species of sand flies are responsible for transmitting different types 
of the parasite worldwide. L.donovani is reported to be transmitted by 
Phlebotomus argentipes in India, P.chinensis in Chin, P.perniciosus in 
North Africa, Italy, France and Portugal, P.perfiliewi has been found in 
Greece, P.orientalis in Sudan and Ethiopia, and in Kenya we find  P.martini 
(Le blancq and Peters, 1986). L.infantum is transmitted via P.perniciosus, 
Pariasi, P.perfiliewi and P.neglectus, but L.chagasi is transmitted by sand 
flies from the genus Lutzomyia (L.longipalpis) in the new world (WHO, 
1995). 
Some evidence implied that direct transmission could contribute to the 
disease diffusion. In Germany a case of congenital transmission of 
leishmania has been reported by Meinecke et al (1999), moreover Cruz 
(2002) reported in a study carried out in Spain reported that Leishmania spp 
were detected in 65 of 125 syringes collected in southern Madrid, in 1998, 
and in 52 (34%) of 154 collected in south western Madrid in 2000 
apparently through needle sharing by intravenous drug users (IVDUs) which 
indicated that syringe sharing can promote the spread of leishmania clones 
among IVDUs. 
Visceral leishmaniasis is considered as the most virulent form of the disease. 
The parasite of this form invades the spleen, liver, pancreas and other 
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visceral organs. Ignoring the treatment for prolonged time may result in 
death. Confirmed reports from 66 countries surveyed for the disease show 
that 90% of the discovered cases found in the Indian subcontinent and Sudan 
(Bora et al, 1999). The disease in those areas also called the black sickness 
or Kalazar and the symptoms described as prolonged fever, splenomegaly, 
hepatomegaly, substantial weight loss, progressive anaemia, pancytopenia 
and hypergammaglobulinemia. 
A study held in Sudan did not find significant difference in symptoms 
between adults and children, except that children become more anaemic than 
adults. One of the serious consequences of the disease reported in India and 
Sudan is that the patients after recovery develop post Kalazar dermal 
leishmaniasis (PKDL), which requires prolonged and expensive treatment 
(Ramesh and Mukherjee, 1995 and Zijlstra, et al. 1995). Lack of treatment to 
those patients will make them one of the important routes of transmission 
(Thakur and. Kumar 1992). 
Visceral leishmaniasis in most cases is caused by Leishmania donovani 
complex, which includes three species 
i. Leishmania donovani 
ii. Leishmania infantum 
iii. Leishmania chagasi 
The clinical features of visceral leishmania (VL) caused by different species 
are different, and each parasite has a unique epidemiological pattern. In 
Sudan and Indian subcontinent the most prevalent species causing the 
disease is Leishmania donovani which is also responsible for VL in children 
in the Mediterranean basin (Sundar et al, 2001 and Thakur et al. 2001).  
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The human immunodeficiency virus (HIV) and VL co-infection in the adult 
population is being reported frequently. Leishmania chagasi causes VL in 
children in Latin America, and Leishmania tropica, which is the causative 
organism of Old World cutaneous leishmaniasis, are reported to induce 
visceral disease in nonimmune persons (Magill,  et al. 1993),  visceralization 
by Leishmania amazonensis, has also been reported (Bora et al , 1999).  
Clinical manifestations of all forms of VL change from time to time, this 
case is also found more extremely with HIV patients (Berhe et al, 1995). 
 
4.1.1. Endemic areas and spread in Sudan 
Since the beginnings of the previous century, visceral leishmania (kalazar) is 
considered as one of the main health problems in Sudan. The first described 
case of visceral leishmania in Sudan dates to 1904 when Neave reported the 
first patient (Elhassan et al, 1995) but the first epidemic was reported in the 
Upper Nile province in Southern Sudan  in 1940 ;300 cases were recorded 
with mortality rate reaching 80%. (Stephenson, 1940). 
 The second epidemic was in the Fung area in Blue Nile province in 1956- 
1960 and it was more severe than the first one (Sati, 1958.) 
More recently several major epidemics have occurred during the last three 
decades. A severe one occurred between 1991- 1993 in the upper Nile 
province in Southern Sudan. This epidemic was moved to Khartoum area 
and spread among the displaced people from the western Upper Nile area 
escaping from the civil war in the south (De Beer et al, 1991 and Zijlstra et 
al, 1993).  
83 
 
Between 1986- 1995 100.000 out of approximately 300.000 people - the 
whole population of western Upper Nile area were reported to have died of 
the disease (Seaman et al, 1996). 
Dereure (2003) reported an epidemic outbreak of VL “in 1996 which started 
in Barbar El Fugara, a village in Gadarif State (Eastern Sudan). From 1997 
to 2000, regular annual epidemiological studies were carried out in the 
human population, as well as in mammals and sand flies. In symptomatic 
patients, 46/69 lymph node cultures were positive, 6/20 of PKDL patients, 
lymph node gave positive cultures and 23/79 of canine lymph nodes cultures 
were positive. In other mammals (47 rodents, five donkeys one mongoose 
and one monkey), spleen and/or blood cultures were negative”. 
Currently the disease is spreading to new areas and the rate of infection is 
increasing in the endemic areas as well. This situation makes scientists in 
Sudan take considerable interest in the epidemiology of the disease. 
Reports indicate that at least 1000 cases of visceral leishmania occur every 
year in Gadarif State in eastern Sudan and the incidence was estimated to be 
4% (Zijlstra et al, 1994). 
VL spread over a wide belt extending from the east central Sudanese- 
Ethiopian border and west up to the White Nile, with scattered foci around 
Atbara River and the Kapoeta area in Southern Sudan, Nuba Mountains and 
Darfur region in western Sudan (fig 5). 
The first described case of CL in Sudan was reported from Nuba Mountains 
(Archibald, 1911). Two cases of CL were reported by Thomson and Balfour, 
(1910) but patients had contracted the disease in Egypt. 
  84
Two major epidemics of CL have been described in large areas in north 
Sudan causing thousands of cases (Abdallah and Sherif, 1978 and El-Safi 
and Peters, 1991). 
Mucosal Leishmaniasis is very rare in Sudan. More than 78 cases were 
reported since 1914 (Elhassan et al, 1995). 
PKDL was described first time by Christopherson, (1921). It appears as a 
complication of VL of unknown cause. In a population- based study it has 
been found that 56% of patients develop PKDL (Zijlstra et al, 1992), PKDL 
occasionally appeared during the treatment, but generally it appears directly 
after the treatment up to six months post- treatment. 
Musa et al, (2002) reported that PKDL appeared commonest among the 
patients aged from 4 to 8 years old and it was more severe in children aged 
more than 3 years. Males and females are equally affected. The rash 
developed 0.5 to 15 months following the apparently successful treatment of 
VL. The distribution of the rash on the body was most frequent on the skin 
that was regularly exposed to the sun. 
The geographical distribution of leishmaniasis is limited to the areas of 
natural distribution of the sand fly, the vector for the disease. It is well 
defined now that Phlebotomus orientalis is the main vector of the visceral 
leishmania in most regions of Sudan. This vector most probably occurs in 
association with some kinds of trees like Acacia seyal and Balanites 
aegyptiaca (Elnaiem et al, 2003) .The infection rate of leishmania is high in 
most endemic areas but fluctuates from one season to another according to 
the number and activity of the sand fly in the area. Parasites isolated from 
humans and sand flies belonged to three zymodemes MON-18, MON-30 and 
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MON-82(Zijlstra et al, 2001a,b), which all belong to the Leishmania 
donovani (Elnaiem et al, 1997). However, in dogs zymodems discovered are 
MON- 82, MON- 257 and MON- 267 which belong to L.donovani too  
(Dereure et al. 2000). 
The dynamics of transmission of the disease are not well understood but 
some observations of heavy transmission rates in the low population density 
regions such as Dindir National Park in the south east of Sudan suggest a 
zoonotic mode, whereas the large numbers of patients with PKDL in heavily 
affected villages may indicate a human reservoir and anthroponotic 
transmission (Zijlstra and El-Hassan, 2001). Other factors such as the 
economic, environmental and social factors which result in widespread 
urbanization, deforestation, and development of newer settlements, besides 
migration from rural to urban areas, are responsible for the spread of the 
sand fly as well as the reservoir system of leishmania (Thakur et al, 2000). 
There is no evidence yet that proves the possibility of vertical infection from 
parents to their offspring, Moreover most studies indicate that vertical 
transmission does not occur in dogs, (Helida et al, 2001). 
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Fig 4.1. Distribution of visceral, and cutaneous leishmaniasis in Sudan, 
1993. cited in (Zijlstra, 2001) (Reproduced with permission from the 
American Journal of Tropical Medicine and Hygiene, 1994, vol. 5 1, pp. 
826-836.)   
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4.1.2. Disease diagnosis 
The diagnosis of VL is complicated because a number of other commonly 
occurring diseases, such as malaria, typhoid, and tuberculosis, share its 
clinical features; many of these diseases can be present along with VL (in 
cases of co-infection). A simple, cheap serological test called direct 
agglutination test (DAT) having a sensitivity of 72%, specificity of 94%, 
positive predictive value of 78% and negative predictive value of 92% is 
commonly used in Sudan, but compared  with other serological tests, the 
DAT cannot distinguish between active disease, subclinical infection or past 
infection. 
Evaluation of diagnostic methods showed that parasitological diagnosis 
should still be the mainstay in diagnosis, with sensitivities for lymph node, 
bone marrow and spleen aspirates of 58%, 70% and 96%, respectively. 
 In the case of cutaneous leishmaniasis (CL) diagnoses, it is important to 
differentiate between leishmania lesions and tropical ulcers due to other 
causes like impetigo, infected insect bites, leprosy, lupus vulgaris, yaws, and 
blastomycosis.  
The parasitological diagnosis of CL is made by demonstration of 
amastigotes in skin lesions on skin biopsy and on culture of these specimens. 
Many other methods for demonstration of parasites such as histochemical 
and immunohistochemical examination of smears have been described.       
On the other hand culture based diagnosis of mucocutaneous leishmaniasis 
has very low sensitivity as the organisms are often scant (Sundar and Rai, 
2002, and Sivakumar et al, 2003). 
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General laboratory diagnosis of leishmaniasis can be made by the following 
 i. Demonstration of parasite in tissues of relevance by light microscopic 
examination of the stained specimen, in vitro culture, or animal inoculation 
 ii. Detection of parasite DNA in tissue samples 
 iii. Immuno -diagnosis by detection of parasite antigen in tissue, blood, or 
urine samples, by detection of nonspecific or specific antileishmanial 
antibodies (immunoglobulin), or by assay for leishmania-specific cell-
mediated immunity. 
Khalil et al (2000) found that individuals who migrated from eastern Sudan 
and show a positive result of skin test for leishmania are less susceptible to 
visceral  leishmania  than those who showed negative result, this finding  
suggests a strong cross protection due to extensive cross reactivity 
Between the different species of leishmania  
 
4.1.3. Leishmania in dogs 
Dogs have identified to be an important host for the parasite. A study 
performed in Italy found that the prevalence of diseased dogs ranges from 2 
to 20% and reaches 30–40% in certain regional populations (Cabral et al, 
1998). 
The domestic cycle takes place in pet dogs, and a predomestic cycle is 
maintained in feral dogs and wild canids. The parasite is transmitted from 
the infected dog to a non-infected dog by the bite of a sand fly. 
In a study conducted by Owens et al, (2001) it was found that 30% of the 
dogs received  blood contaminated with Leishmania infantum parasite 
during blood transfusion. 
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In dogs the most common zymodemes detected were MON-1, MON – 24, 
MON 34 and MON 77 of L.infantum. In Tunisia, Morocco, Iran and 
Portugal the frequent zymodeme detected was zymodeme MON-1 
(Bouratbine et al , 2005, Rami  et al, 2003, Gavgani et al, 2002 and 
Campino et al, 2006), whereas Benikhlef, (2004) detected zymodeme MON-
24 the common parasite of cutaneous leishmaniasis isolated from dogs in the 
steppe regions of the northern Sahara in Algeria. Moreover, in Algeria, 
Harrat et al, (1996) detected Zymodeme MON-34 and MON 77.  
Franc, Silva and others (unpublished research carried out in Brazil reviewed 
by Sousa et al, 2001) found that the prevalence of the Zoonotic visceral 
leishmaniasis (ZVL) infection was higher in young dogs than in adult ones. 
Generally, no significant difference between the two sexes was found but in 
France; a study conducted by Lanotte et al, (1975) revealed that in males 
ZVL was more than in female prevalent and German Shepherd, Boxer and 
Doberman had higher rates of prevalence than other breeds (Lanotte et al, 
1975, Ranque et al, 1977 and Abranches et al, 1991).  
In Sudan an immunological study is going on now to reveal the possibility 
and effect of zymodeme mon- 18 on canine in Khartoum State the capital of 
the Sudan.  
Dogs could normally develop both visceral and cutaneous lesions but the 
viscerotropic nature of L. infantum, skin lesions are the most frequent 
manifestation of canine leishmaniasis. “The clinical signs are caused by 
inflammatory processes and immune-mediated lesions, which are associated 
with the multiplication of amastigotes inside macrophages and other cells of 
the mononuclear phagocytic system” (Koutinas et al ,1993). 
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4.1.4. Genetic effects on the disease 
A few years ago medical genetics was concerned largely with limited 
familial diseases that are controlled by single major genes, but recently 
“studies on animal models and epidemiological studies in humans showed 
that many non-hereditary diseases including infectious diseases, develop 
predominantly in genetically predisposed individuals and this pre disposition 
is caused by multiple genes” (Lipoldova  and Demant , 2006).  
The exposure of a population to certain disease for a long time may have a 
major effect on modifying the constitution of the genome structure and gene 
frequencies due to the selection forces against the disease.  
Garrod, (1931) suggested that infectious diseases may have been a major 
selective force in human evolution and in shaping our biochemical 
individuality. 
Mapping of low penetrance disease- susceptibility genes in human is quite 
difficult due to the heterogeneity of different populations, the difference in 
life style and time of exposure to the disease (Lapradova and Demant, 2006). 
 The alternative way is to study the penetrance disease- susceptibility genes 
in experimental animals. Animals are more flexible in designing the 
experiment conditions in terms of homogeneity and controlling the exposure 
and other keeping and living circumstances.  
Multiple host genes, most of them are low penetrance quantitative trait loci 
(QTLs) which are difficult to map influences susceptibility to infectious 
disease. Mouse models of this disease have revealed more than 20 QTLs as 
containing susceptibility genes (Lipoldova and Demant, 2006). 
Formatted: Bullets and
Numbering
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Several initial studies indicated that the resistance or susceptibility to 
infections caused by L.major might be determined by the activation of 
different classes of T helper cells. Several studies have shown that T helper 
cells can be divided into two subsets, designated Thl and Th2, based upon 
the types of lymphokines produced following stimulation with antigens or 
mitogens. Cloned lines of the Thl type produce interleukin type 2 (IL-2) and 
interferon gamma (IFN- γ), while Th2 cells produce IL- 4 and IL-5, but fail 
to produce IL-2 or IFN- γ (Scott et al, 1988).  The Th1 B cells in a linked 
antigen specific manner where Th2 helps the B cells in a non-linked antigen 
manner (Mosman et al, 1989)  
The balance of TH1 and TH2 cytokines is crucial to the host response to 
infection. Many different models of sepsis have been used to investigate the 
role of the signal transducers and activators of transcription and The Janus-
kinase (STATs and Jaks) in response to infection and the subsequent 
Th1/Th2 balance 
According to many observations it was indicated that the disease progression 
seems to be associated with the more virulent response by T helper 2 (Th2) 
and the resolution of the disease seems to be correlated with a higher level of 
activation of Th1 cells (Heinzel et al, 1989).Thus Th1 seems to play a 
central role in controlling the infection and resistance against leishmania. 
Th1 cytokines are primarily classified as cell-mediated immune response 
promoters whereas Th2 cytokine are mainly involved in humoral immune 
responses and responses to disseminated infection. Th1 cytokines are 
generally proinflammatory and include primarily IFN-γ and IL-2 where TH2 
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cytokines are generally anti-inflammatory and include IL-4, IL-10, and IL-
13 (Scott, et al, 2002). 
The Th2 cells produce the IL-10 which activate the B cells then the activated 
B cells co-operatively with the IL- 4 produced by Th2 cells through jak 1,3 
and STAT6 phosphorylation signal transduction, enhance B cells 
proliferation and differentiation of the  IgE synthesise which is the common 
activator  of esinophil killing and IgG1 can act the same manner. 
It is expected that protection against this disease is mediated by macrophage-
activating factors, such as IFN-y. Furthermore, IL-12, likely secreted by 
APCs, enhances expansion of Th1 cells through a pathway involving NK 
cells (Streit,2001).  
In humans and mice evidence indicates that some genes contribute to 
increasing or decreasing the resistance against the leishmania parasite such 
as the NRAMP gene (MHC), IFN-γ and NOS A2    
 Skamene et al, (1982) reported that some of the major histocompatibility 
complex class I and II genes are also found to contribute to increasing 
disease susceptibility. 
 The interferon gamma (IFN-γ) which is secreted by the Th1 has been 
attributed to the resistance against leishmania by mediating nitric oxide (NO) 
- dependent killing of infected macrophage (Belkaid et al, 2000). 
Heinzel et al (1989) reported that ‘Evidence to date suggests that IFN-γ is a 
critical macrophage-activating factor mediating cellular defence against the 
obligate intracellular amastigote’. Other non (MHC) genes which affect the 
expression of IFN-γ may contribute in this process, also MHC class I itself is 
assumed to affect the resistance against the Leishmania infatum parasite 
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 Nitric oxide synthase (NOS A2) is also involved in the resistance or 
susceptibility.( Mukbel et al, 2006) reported that the presence of both 
superoxide and nitric oxide is necessary for efficient killing of L. 
amazonensis amastigotes within LPS/IFN-gamma -activated bone marrow-
derived macrophages. 
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4.1.5. Candidate genes involved in leishmania resistance or sensitivity 
4.1.5.1 Natural resistance-associated macrophage protein (NRAMP) 
One of the genes that seems to be involved in the natural resistance against 
several diseases in many kinds of animals and human, is the Nramp1, it is a 
gene originally identified as Ity/Lsh/Bcg and later SLC11A1 for its role in 
controlling Salmonella typhimurium, Leishmania donovani and 
Mycobacterium bovis infections in mice as reviewed by Blackwell, (1998). 
The (NRAMP) functions as divalent- metal, pH dependant efflux pump at 
the phagosomal membrane of the macrophages and neutrophils. It is 
classified as a non-major histocompatability complex (MHC) gene, and has 
been systematically renamed as the solute carrier family 11a member 1 
(SCLA11A1). 
The canine slc11a1 gene has been mapped to dog chromosome CFA37 and 
covers 9 kb, including a 700-bp promoter region, It has 15 exons and a 
polymorphic microsatellite in intron 1. It encodes a 547-amino-acid protein 
that has over 87% identity with the Slc11a1 proteins of different mammalian 
species. SCLA11A1 encodes an iron transporter protein involved in the 
control of intraphagosomal replication of parasites and in macrophage 
activation (Altet et la, 2002) 
Altet et al, (2002) found significant differences observed for allele145 of the 
intron 1 microsatellite between two populations in a case- control study with 
resistant and susceptible dogs.  
In mice, Mockit et al, (1985) reported that the Lsh gene product acts in the 
acute phase of infection to limit the proliferation of the pathogen in Kupffer 
cells. 
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Mohamed et al, (2004) studied the linkage between SCLA11A1 and 
susceptibility to infection with the VL in humans. They found that there is 
evidence of linkage between SCLA11A1 and susceptibility to VL in 
members of the Masalit tribe who settled down in an endemic area in eastern 
Sudan 20 years ago, and also a linkage between SCLA11A1 and VL in the 
related Aringa ethnic group, to the north of the study population in Sudan. 
In a Brazilian wide research Blackwell et al, 1998 succeeded in identifying 
three chromosomal regions carrying genes contributing to VL in north-
eastern Brazil  
 A study carried out by Jamieson et al, (2007) of non-parametric linkage 
analysis performed on the initial 10cM genome-wide scans undertaken on 22 
multicase families from Sa˜o Luis provided evidence linkage of VL 
susceptibility. Broad regions of linkage were observed in chromosomes 11 
and 17, and for chromosome 22 which had at that time independently been 
shown to control susceptibility to VL in Sudan.  
Although the study failed to replicate the major linkage peaks previously 
reported on chromosomes 22q1210 and 1p2211 reported for different 
villages in the Sudan which may be attributable to the differences in disease 
phenotype and parasite strain; one region of overlap with the Sudanese VL at 
6q27.11in chromosome 22 was observed. 
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4.1.5.2. The major histocompatibility complex (MHC) 
 A cluster of nearly 220 genes is known as the Dog leukocyte antigen (DLA) 
in dogs, and human leukocyte antigen (HLA) in man. These genes are 
located in chromosome 12 and 6 in canine genome and human genome, 
respectively. 
The HLA system is now known to have three types of products that are very 
different from each other. Class1 includes proteins that are expressed on 
almost all cells in the body, each cell will express around 100,000 MHC 
class I molecules. Protein fragments (antigens) are transported from inside 
the cell to the surface and bind to a type of immune system cell called a 
killer (cytotoxic) T cell and "presents" the captured antigen to it. If the killer 
T cell's receptor matches the captured antigen, it will mount an attack on the 
presenting cell, destroy it with toxic enzymes (lysis) and tell it to kill itself 
(apoptosis).  
Class II of the MHC include proteins that are expressed on cells of the 
immune system called antigen presenting cells (APC) which contain 
dendritic cells (DCs), macrophages, B cells, neutrophils and mast cells. Part 
of the function of these cells is to engulf dead cells and other material and 
break it down into antigens. These antigens are then presented to helper T 
cells via MHC class II in much the same way that antigens are presented to 
killer T cells via MHC class I as described above. The MHC class III 
proteins are a diverse group of molecules that perform a variety of functions 
in the body. They include complement proteins which are involved in the 
antibody response, the inflammatory cytokines, tumour necrosis factor-a and 
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-b (TNF-a & -b) and two heat shock proteins which help cells deal with heat, 
stress and viral infection. 
In the human immune system the (MHC) is responsible for encoding 
proteins that stud the surface of the body's cells, marking them as our own. 
This mechanism worked when the disease associated proteins occur in a cell, 
they are broken into pieces by the cells proteolytic machinery. Cell proteins 
become attached to antigen fragments and transport them to the surface of 
the cell, where they are "presented" to the body’s defence mechanisms.  
The MHC proteins are the transport molecules which make anything not 
marked as "self" under attack of the immune system.   
Genetic studies of infection in humans reveal that susceptibility and 
resistance to leishmaniasis show marked variation within and between 
genetically diverse human populations. Genetic analyses in humans have 
mainly involved genotyping candidate genes which have generally been 
chosen on the basis of previous immunological and genetic studies, in case–
control and/or family based association studies. Polymorphisms in genes that 
encode HLA class I and class II molecules have been found to influence 
susceptibility to L. viannia guyanensis and L.V Bbraziliensis, although 
similar studies failed to reveal a major influence of HLA class II and HLA 
class III polymorphisms on visceral disease caused by L. chagasi, L. 
infantum and L. donovani . 
Cabrera et al (1995) discovered a strong association between the HLA-DR 
and leishmania in humans.  Another study conducted in north- eastern Brazil 
by Blackwell et al, (1998) did not find linkage between the HLA class I and 
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visceral leishmania but they succeeded in detecting a weak allelic 
association between the HLA class II and III and visceral leishmaniasis.  
 
4.1.5.3. Interferon gamma (IFN -γ) 
IFN-γ is located in chromosome 10 in canine genome, it is found in 
chromosome 12 and 10 in human and mouse, respectively. IFN- γ is a 
pleiotropic cytokine produced principally by CD4 Th1 cells, CD8 T cells, 
and NK cells. 
The leishmania parasite invades the macrophages and lives inside them, 
although the macrophage is the major cell involved in the elimination of the 
parasite through the activation of inducible nitric oxide synthase (iNOS). A 
major induction pathway for iNOS occurs through the effects of interferon 
IFN-γ, which activates infected macrophages to kill the organisms in the 
phagolysosome. Simon et al, (2005) reported that the iNOS knockout mice 
are more susceptible to leishmania despite the genetically resistant 
background which suggests one reason for the important role of the IFN-γ on 
the disease resistance. Several studies shown the role which IFN-γ plays in 
leishmania and other intracellular invaders resistance is essential for 
phagocytosis activities of the mononuclear phagocyte (Nadan et al 1995).  
Kwan et al (1992) found that Mononuclear phagocytes infected with L. 
donovani have impaired responses to gamma interferon for the induction of 
gene transcription. Furthermore, several studies found that phagocytes 
infected with L. donovani and L.Braziliensis have been shown to produce 
such autoinhibitory factors like arachidonic acid metabolites (Rainer and 
Malemud, 1985) and transforming growth factor- ß (George ,1996)  which 
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attenuate the cellular responses to gamma interferon. Contrastingly Brown 
and Reiner, (1999) found that genetic resistance and susceptibility to 
experimental Lyme arthritis are linked with the production of interleukin-4 
(IL-4) or gamma interferon IFN- γ, respectively. 
IFN- γ is secreted by Th1 CD4+, CD8+, gamma delta T cells, NK cells and 
macrophages. Recent studies have established DCs as an important source of 
IFN- γ. After 72-h stimulation with IL-12 and IL-18, DCs secrete substantial 
amounts of IFN- γ (Szabo et al, 2002).  
Nandan et al, (1995) found that Gamma interferon induces tyrosine 
phosphorylation of Janus phosphorylation kinases 1,2 (Jak1, Jak2) which 
activate  the transcription factor Stat1 through phosphorylation on tyrosine 
of DNA binding protein known as signal transducer and activator of 
transcription. This process Activates Th1 cells to catalyze sequence in 
gamma interferon-inducible genes, leading to activation of gene 
transcription.  
IFN-γ is considered to be antiviral, immunoregulatory, and anti-tumour 
properties. It also plays a role in upregulating the transcription factor TBX-
21 to activate the antigen presenting cells and promote Th1 differentiation. 
Streit, (2001) found that expansion of a Th1 subset of CD4+ lymphocytes 
that secretes IFN-γ and IL-2 is always associated with resistance to infection. 
Contrastingly, susceptible mice instead expand CD4+ lymphocytes 
belonging to the Th2 subset that secretes IL-4, IL-10, and IL-13 (3–5). Early 
IL-4 secretion by an as yet undefined population of cells plays a role in 
differentiation of T cells toward the Th2 phenotype and suppression of Th1 
subset development. 
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4.1.5.4. T-bet (TBX21) 
The T-bet transcription factor is one of a family of regulatory genes 
characterised by a conserved DNA binding domain, in humans and other 
species. T-box proteins have been shown to act as transcription activators 
(Szabo et al, 2002). In humans it is located in chromosome 17q 21.32, and is 
also called T-bet or TBLYM (NCBI). In canines it is found in chromosome 
9. The T-bet gene is involved in many diseases and disorders such as 
asthma, diabetes type I and aplastic anaemia, T-bet acts as control of IFN- γ 
expression in CD4+, Th cells, it is essential for lineage commitment of 
CD4+, Th lymphocytes (Szabo, 2000). 
Although the INF- γ is released by CD4, CD8 and NK but studies in mice 
showed that the influence of T-bet appeared only in CD4 and NK (szabo et 
al, 2002). 
.  In mice at least seven T-bet proteins have been identified,  it has been 
found that lack of this T-bet gene causes multiple physiological and 
inflammatory features similar to human asthma (Akahoshi  et al, 2005). 
T-bet is also required for IFN-γ production by activating IL-12 to induce 
STAT-4 in the cells committed to the Th1 lineage; STAT-4 increases the 
production of the cells which produce IFN-γ (Szabo et al, 2002). 
Gene transcription studies found that the expression of T-bet is also 
correlated with IFN- γ expression in Th1 and natural killer cell in humans 
which is indicates a role for this gene in initiating Th1 lineage development 
from naive Th1 precursor cells which coordinates a program of auto-
induction, chromatin remodelling of IFN-γ alleles, and IL-12Rβ2 
expression.   
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Protection against Leishmania is passing through T-bet and STAT1 to 
regulate IFN-γ gene transcription in CD4+ T cells, thus (Rosas et al, 2006) 
both T-bet  and STAT1 are required for the induction of an efficient Th1 
response during Leishmania donovani infection, T-bet and STAT1 knock 
out mice (T-bet(-/-) and STAT1(-/-)) failed to mount a Th1 response but 
STAT1(-/-) mice were highly resistant to L.donovani and developed less 
immunopathology in contrast with the individuals of T-bet(-/-), which were 
highly susceptible and eventually developed liver inflammation, this result 
reveals distinct roles for T-bet and STAT1 in mediating host immunity and 
liver pathology during visceral leishmaniasis. 
 
4.1.5.5. Inducible Nitric oxide synthase (iNOS)  
The gene iNOS encodes the protein nitric oxide synthase inducible in 
hepatocytes; this gene is located in chromosome 17 in humans and 
chromosome 9 in dogs. This gene plays a role against infections and is also 
involved in granuloma formation in animals. In human its contribution to 
immunity against disease is not well known yet but it is suggested that 
association with Th1 cytokines and interferon gamma it may be involved in 
different immune reactions (Facchetti et al, 1999).  It is assumed that the 
activity of this gene would contribute to Slc11a1-regulated innate resistance 
to Salmonella enterica, serovar Typhimurium and Leishmania donovani. 
The pleiotropic effect of SLC11A1 to the NOS2A is the reason for the 
antimicrobial activity in macrophages of this gene. In contrast, White et a,l 
(2005) investigated the effect of NOS2A and reactive oxygen intermediates 
(ROI) in different visceral diseases such as Salmonella enterica serovar 
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Typhimurium and Leishmania donovani  in mice, They found that there was 
no significant effect between those genes and natural resistance towards 
Salmonella enterica, serovar Typhimurium and Leishmania donovani 
compared with Leishmania major infection which causes rapid lesion 
growth and death in NOS 2A knockout mice. 
Diefenbach et al, (1999) found that the effect of iNOS in innate resistance 
against leishmania parasite disease in mice is always found in association 
with IL12. Also he mentioned that the absence of NOS2A enhanced the 
spreading of Leishmania parasites and inhibits the stimulation of the natural 
killer cells for cytotoxicity or IFN-γ production. Murray et al, 2006 reported 
that macrophages use both reactive oxygen and nitrogen intermediates in an 
initial effort to limit L.donovani replication. 
Holzmuller, (2002) found that NOS2A contributes to stimulating 
phagocytosis against many parasites including Leishmania parasites. Murine 
macrophages can be activated to produce nitric oxide (NO) and superoxide 
and these two radicals can react to form peroxynitrite, a powerful oxidant 
which may be involved in parasite killing, They also found that nitrogen 
oxide released by S-nitroso-acetyl-penicillamine, was highly leishmanicidal 
when added directly to the parasites. 
The balance of the activities of inducible nitric oxide synthase (iNOS) and 
arginase is of crucial importance to parasite fate. These two enzymes are 
competitively regulated by the cytokines secreted by Th1 and Th2 cells: 
Th1 cytokines induce iNOS, whereas Th2 cytokines induce arginase. iNOS 
secretion induced by the Th1 cytokines lead to synthesis of NO which it has 
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been shown to be correlated with the killing of Leishmania parasites both in 
vitro and in vivo (Kropf, 2003). 
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4.2. Materials and methods 
4.2.1. Sample collection 
82 buccal swabs and dry blood samples were taken from feral dogs living in 
11 villages along the Atbara River endemic area in Gadarif state. 
 Another 20 samples were taken from another endemic area in the Blue Nile 
(B.N) state south east Sudan but. They were collected at an early age and 
raised in the police dogs kennel in Khartoum state which is considered as an 
area  free from the disease.   
The buccal swabs were collected as before (chapter 3).The blood samples 
were collected in 0.3mm filter paper by using a lancet to make a prick in the 
dog’s ear; bleeding  resulting from that wound was collected rapidly, the 
blood samples were left to air dry and kept in a tube and frozen. 
 
4.2.2. Direct agglutination test (DAT) 
All the blood samples collected from different regions were tested using a 
direct agglutination test to measure the titre of the antibodies in the blood as 
an indicator of previous infection by Leishmania. The test was done 
according to the method reported Abbas, (2005). 
A spot of blood was removed from the filter paper by punching 5 mm 
diameter disk using a sterile paper punch. The punched disc was immersed 
in 125µl physiological saline and left over night at 4ºC. According to 
Medecins Sans Frontieres (MSF) program and Boelaret (1999) each 5 µl 
elute contains 0.5 µl serum or 1: 10 serum elution.  
Following the method of Harith et al, (1988) the eluted samples and control 
sera were diluted in a diluent consisting of 0.2% gelatine (Difco) dissolved 
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by heating in physiological saline and 0.8% (v/v) 2- mercapto- ethanol (2-
ME), control sera and sample elutes were tested at two- fold serial dilution 
started with 1:100 up to 1:12800 in V- shape microtitre plate. 50 µl of 
antigen was added to each well then the plate was carefully shaken by hand 
on a levelled surface for 30 sec and left at room temperature for 18 hours. 
Cloned antigen from L.donovani promastigotes were maintained in a 
modified medium  as described by Kaneshiro, (1982). 
Currently the test is the most simple and economical serological test 
developed for diagnosis and epidemiological studies of the human and 
canine VL with a sensitivity and specificity of 100% excluding African 
tripasomasis (Harith et al, 1989). 
The results were taken visually against a white background under the plate. 
The positive result appears in a sharp – edged blue spot similar to that in the 
positive control well. The antigen used was prepared according to Harith et 
al, (1995). 
 
4.2.3. DNA extraction 
DNA was extracted from the samples using QIAmp kit manufactured by 
QIAGEN company using the protocol described by the manufacturer which 
can be summarized as follows:- 
1- Place one punch spot into 1.5ml microfuge tube 
2- Add 180 µl Buffer ATL   (an SDS containing Lysis buffer) 
3- Incubate at 85  ْC for 10 min 
4- Centrifuge briefly to remove drops 
5- Add 20µl proteinase K stock 
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6- Vortex and incubate at 56  ْC for 1 hour 
7- Centrifuge briefly to remove drops 
8- Add 200 µl Buffer AL (a guanidinium chloride buffer) 
9- Vortex and incubate at 70  ْC for 10 min 
10- Add 200 µl ethanol (96- 100%) to the sample 
11- Vortex and briefly centrifuge to remove the drops 
12- Apply the mixture to 2 ml column tube   
13- Spin the column 8000 rpm for 1 min 
14- Place the QIAmp in new 2 ml tube and discard the filtrate 
15- Add 500 µl Buffer AW1 (a chaotropic salts buffer containing 
ethanol). 
16- Spin the column 8000 rpm for 1 min 
17- Place the QIAmp in new 2 ml tube and 
18- Add 500 µl Buffer AW2 (an ethanolic wash buffer) 
19- Spin 14000 rpm for 3 min 
20- Place the QIAmp to new 2 ml tube and spin again 14000 rpm       
for 1 min 
21- Place the QIAmp in clean 1.5 ml microfuge tube 
22- Add 150 µl AE buffer (Tris EDTA pH8) 
23- Centrifuge 8000 rpm for 1 min 
 
4.2.4. DNA quantification 
 The quantity of the DNA purified was evaluated using the Pico Green DNA 
Assay kit manufactured by Invitrogen detection technologies following the 
107 
 
fluorescence detection protocol described by Invitrogen. The mix consists of 
the picogreen, TE 1X and the DNA sample. 
TE 1X was prepared by diluting TE 20X provided in the kits and used for 
preparing the picogreen solution. 
 Also a standard DNA (1 ng/ul) provided with the kits was used as control, 
five concentrations of the controls was prepared as table 4.6 shows.  
 
4.2.6. Primers Design 
The conduct of the study is dependent on finding a polymorphic allele in a 
micro satellite sequence closely linked to the candidate gene (up to 100.000 
bp distance from the either side). This sequence will be used for genotyping.  
The package of software provided by the genome browser at University of 
California Santa Cruz web site (UCSC) (http://genome.ucsc.edu/cgi-bin/hgTables) 
was used to find simple repeats “Simple Repeat Sequence” developed by 
Benson (1999). Repeat maskers flag version was used to identify complex 
sequence repeats. The primers were designed using primer3, a computer 
program developed by Whitehead Institute for Biomedical Research. 
Annealing temperature and expected size product are listed in table 4.1. 
For labelling the target region during the amplification M13 sequence       
(5-CACGACGTTGTAAAACGAC-3) was added to the beginning of the forward 
primer sequence. 
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Table 4.1: Primer parameters 
Gene Primer sequence Annealing  
temp (C) 
Product 
size 
NRAMP F: 5-M13+TATCCCAAACTTGCAAGCAC-3  
R: 5-GAAGTGCCCTCATTTGACTTG-3 
58.7 
59.7 
248 
DLA 
 
F: 5- M13+TGCTTTTCCTTTCTAGTGGTCAG-3 
R: 5-CCTGGCAAGCTGAGAGATTTAG-3 
59.9 
60.5 
247 
iNOS F: 5-M13+AACTGTTACTGTATACGGTCTGATGC-3 
R: 5-CCATGCATAGCTTTGTTTATTGG-3 
59.9 
60.7 
245 
TBX21 F: 5-M13+TTTCTTGAGTGCAAGTCTGGTG-3 
R: 5-CTGGAGGCCATTCATTCAAG-3 
60.4 
60.5 
281 
IFN-γ 
 
F: 5-M13+AAAATCCAAGAGAAAACCTGAGTC-3 
R: 5-AGCGCTCGCTAGTGTGTATG-3 
59.2 
59.2 
280 
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4.2.7 Primers test 
Primers were tested using a positive control DNA extracted from flat coated 
retriever dog and one sample from the Sudanese dogs. A 20 µl PCR reaction 
was performed to check the efficiency of the primers 
 
4.2.8. Polymerase Chain Reaction (PCR) 
To amplify and label the samples for genotyping an indirect PCR method 
was done, two PCR reactions were set (primary and secondary PCR) as in 
tables 4.2 and 4.3. 
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Table 4.2: The PCR mix in the unlabelled PCR reaction 
Item/sample Initial concentration Final concentration Volume µl / well 
MgCl2 50 mM 1.5 mM 0.3 
PCR buffer 10 x 1 x 1 
dNTPs 25mM  250 µM 0.1 
BSA 100 x 1 x 0.1 
Taq polymerase 5 U/µl 0.0625 U/µl 0.125 
Oligo 1 10 pmol/µl 0.2 pmol/µl 0.15 
Oligo 2 10 pmol/µl 0.2 pmol/µl 0.15 
template 2.4 ng/µl 0.6 ng/µl 2.5 
Dh2o - - 5.575 
Total - - 10 µl 
 
 
*Thermocycling program for 2:45 hour according to the following details.  
 94  ْC 5’ X 1 C 
(94  ْC 20’’, 70  ْC 20’’, 72  ْC 20’’) X  1 C 
(94  ْC 20’’, 69  ْC 20’’, 72  ْC 20’’) X 1 C 
(94  ْC 20’’, 68  ْC 20’’, 72  ْC 20’’) X 1 C 
(94  ْC 20’’, 60  ْC 20’’, 72  ْC 20’’) X 1 C 
(94  ْC 20’’, 58  ْC 20’’, 72  ْC 20’’) X 1 C 
(94  ْC 20’’, 58  ْC 20’’, 72  ْC 20’’) X 30 C 
 72  ْC 10’ X 1 C 
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4.2.8.1. The labelled PCR reaction 
Labelled PCR was made using a fluorescently labelled M13 oligo and the 
reverse primer. The reaction was conducted using the same conditions and 
concentrations as for the unlabelled PCR as table 4.3 show. 
The thermocycling program was the same program of the unlabelled PCR. 
The sequence of the M13 oligo used for labelling is      
(5-CACGACGTTGTAAAACGA C-3). 
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      Table 4.3: Secondary (labelled) PCR mix 
Substance Intitial conc Final conc Volumeµl /well 
Mgcl2 50 mM 1.5 mM 0. 3 
PCCR buffer 10 x 1 x 1 
dNTPS 25mM  250 µM 0.1 
Oligo1(M13) 10 pml/µl 0.075 pmol/µl 0.15 
Oligo2 (Reverse) 10 pmol/µl 0.075 pmol/ul 0.15 
BSA 100 x 1 x 0.1 
Taq 5 U/µl 0.0625 U/µl 0.125 
dH2O - - 7.575 
Template (product of the 
 unlabeled PCR reaction ) 
- - 2 
Total - - 10 
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4.2.9 Preparing sample for genotyping 
A mix of size standard and sample loading solution were added to the 
labelled PCR product diluted 7 times and injected to the sequencer machine, 
table 4.4 shows the mix in each well in the plate. The plate is covered and 
injected to the sequencing machine sequencing machine was set for program 
named frag-3 designed for genotyping. 
 
4.2.10. Statistical analysis 
Two types of statistical analysis were used to detect if there was an 
association between the alleles of the candidate genes analysed and the two 
groups of dogs (high and low titer). 
The first statistical model is the Chisquare test which was calculated using a 
computer program (www.psych.ku.edu/preacher/chisq/chisq. htm) designed by 
Christopher J. Preacher- of the University of Kansas. For confirmation 
values were calculated manually and compared with those obtained from the 
web. 
The Chi-square test may not be valid for a large, sparse contingency table of 
2 by n (where n is the number of alleles). Thus another statistical analysis 
was performed using Clump software version 23 (www.mds.qmw.ac.uk/statgen 
/dcurtis /software html). This software uses a Monte Carlo method to assess 
significance through performing Chisquare simulation for data sets in which 
there are multiple small fractions. It can simulate conventional Chisquare or 
increase the magnitude of the P value by "clumping" columns together into 
new permutations, including a new two-by-two table in a way which is 
designed to maximise the chi-square value.  
  114
In this study p values were calculated using the two methods and the results 
were compared. 
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Table 4.4: The mix used in the genotyping plate 
Reagent Volume (µl /well) 
Size standard 0.15 
Sample loading buffer 30 
7 times dilution sample 2 
Total 32.15 
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4.3. Results   
4.3.1. The direct agglutination test 
Eleven samples out of eighty one samples gave high titre results and the 
results varied from 1:100 to 1:1600, where 3 samples out of 20 showsedhigh 
titter within the Blue Nile group. Table 4.5 shows the high titre samples and 
the level of the titre. The individuals who had titres higher than 1:50 were 
considered to be high titre. The replication of the dilution in the plate was 10 
times till 1:51200 replicates.   
 
4.3.2. Extracting and quantitating the DNA 
Samples were extracted using a quantity of DNA which varied from 2.3- 2.6 
ng/µl.  
4.3.3 Primers test  
Figure 3.1 shows the gel picture of the control DNA, the designed primers 
designed and the size product using the Bioline quantitative marker (100 
bp). 
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Table 4.5: The high titre individuals 
 
 Titre 1:100 1:200 1:400 1:1600 
Gadarif dogs 3 3 4 1 No of individuals 
 B.N dogs 3 0 0 0 
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Figure 4.2 The test PCR reaction: Positive control (FCR)from flat coated 
retriever dogs- upper picture using the NRAMP, DLA,TBX21,iNOS,TBX21 
and IFN- γ respectively . 
The lower picture control sample selected from the Gadarif dogs the order of 
the primers is NRAMP.DLA,TBX21,Nos2a, negative control and IFN- γ, 
respectively . 
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4.3.4. Genotyping  
78 out of 81 samples of the Gadaref samples were prepared successfully 
while only 10 out of 20 samples from the B.N individuals revealed genuine 
results. 
 
4.3.4.1. NRAMP gene 
Five alleles of the gene were detected from 50 and 10 individuals from 
Gadarif and B.N states respectively that were genotyped successfully. The 
alleles and their frequencies are shown in table 4.6 and 4.7, respectively.  
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Table 4.6: The Gadaref state dogs samples: NRAMP gene alleles and 
frequencies 
Allele sizes 238 245 254 260 262 Σ population 
High titer freq 2 1 6 4 5 18 
Low titre freq 3 3 32 23 21 82 
Σ Allele0 5 4 38 27 26 100 
 
 
 
 
Table 4.7: B.N state dog samples: NRAMP gene alleles and frequency 
 
Allele sizes 245 246 249 254 260 262 Σ population 
High titer freq 1 0 0 1 1 3 6 
Low titer freq 2 1 2 3 4 2 14 
Σ Allele 6 1 2 4 5 5 20 
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4.3.4.2. Dog leukocyte antigen (DLA) gene 
The genotyping process completed in 52 and 5 individuals from Gadaref and 
B.N states, respectively. Four alleles were detected as table 4.8 and 4.9 in 
which the allele frequencies are presented.  
Tables 4.8 and 4.9 show that Allele 273 was missing among the high tittre 
individuals in both types of experimental dogs 
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Table 4.8: Gadaref state dog samples: DLA gene alleles and frequencies 
Allele sizes 263 269 271 273 Σ Population  
High tit freq 7 9 2 0 18 
Low tit freq 40 29 10 7 86 
Σ Alleles  47 38 12 7 104 
 
 
 
 
Table 4.9: B.N state dog samples: DLA gene alleles and frequencies 
Allele sizes 263 269 271 273 Σ Population  
High tit freq 0 1 3 0 4 
Low tit freq 1 2 2 1 6 
Σ Alleles  1 3 5 1 10 
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4.3.4.3. TBX21 
Four alleles detected during genotyping analysis of 56 and 12 individuals 
from Gadaref and B.N sates respectively as tables 4.10 and 3.11 show, the 
tables also includethe allele frequencies. Some alleles were missing within 
the high titre group such as allele 243 in the Gdadarif State group.   
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Table 4.10: Gadaref state dog samples: TBX21 gene alleles and     
                    frequencies 
Allele sizes 241 243 278 289 291 ΣPoulation  
High tit freq 2 0 1 11 4 18 
Low tit freq 2 4 45 27 16 94 
ΣAllele  4 4 46 38 20 112 
 
 
 
 
 
 
Table 4.11: B.N state dog samples: TBX21 gene alleles and frequencies  
Allele sizes 285 243 278 289 291 ΣPoulation  
High tit freq 0 4 0 0 2 6 
Low tit freq 3 0 6 4 5 18 
ΣAllele  3 4 6 4 7 24 
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4.3.4.4. Inducible Nitric oxide synthase (iNOS)  
Results show that in 59 and 13 samples genotyped genuinely from Gadaref 
and B.N states, respectively, 7 and 4 alleles were detected from the two 
areas, respectively as tables 4.12 and 4.13 show.The results show that alleles 
314 and 320 were completely absent within the B.N high titre samples, 
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Table 4.12: iNOS A2 gene alleles and frequencies in Gadaref state dogs 
Allele sizes 312 314 361 318 320 233 244 Σ Population  
High titer freq 2 6 3 5 6 0 0 22 
Low titer freq 0 47 20 19 8 1 1 96 
Σ Allele  2 53 23 24 14 1 1 118 
 
 
 
Table 4.13: iNOS A2 gene alleles and frequencies in B.N state dogs 
Allele sizes 314 316 318 320 Σ Population  
High titer freq 0 4 2 0 6 
Low titer freq 2 6 9 3 20 
Σ Allele  2 10 11 3 26 
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 4.3.4.5. Interferon gamma (INF-γ) 
Three alleles were successfully detected from 57 samples only from the 
Gadaref state. The results of the analysis were given in table 3.14, the B.N 
dogs samples were not analysed. 
  
4.3.5. Statistical analysis of alleles 
The results performed using the Chisquare test illustrate a strong association 
between the TBX-21 and the disease in the experimental animals and less 
association between the disease and iNOS. Tables 4.15 and 3.16 show the P 
values and degree of freedom of the genes studied. 
Clump 23 shows similar results for the association of the two genes with 
leishmania with higher magnitude of the P value compared with Chisquare 
as table 4.17 and 4.18 show. 
The distribution of the TBX21 and iNOS genes did not show any variation 
according to the geographical distribution of the experimental dogs. There 
was no variation; neither between the two study areas nor within the 
individuals of the same area.  
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Table 4.14: INF-γ alleles and frequencies in Gadarif state dogs 
 
Allele sizes 196 207 209 Σ Population 
High tit freq 0 16 6 24 
Low tit freq 6 49 35 90 
Σ Allele  6 65 41 114 
 
 
 Table 4.15: P values of the candidate gene using Chisquare analysis in     
Gadaref state dogs 
gene df P value 
NRAMP1 4 0.71553544 
DLA 3 0.67605291 
TBX21 4 0.0035017 
iNOS 6 0.00920273 
INF- γ 2 0.20835748 
 
 
Table 4.16: P values of the candidate gene using Chisquare analysis in 
B.N state dogs 
gene df P value 
NRAMP1 3 0.840566 
DLA 2 0.486803 
TBX21 4 0.002575 
iNOS 2 0.012681 
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Table 4.17: P values of the candidate genes using clump 23 software in 
Gadaref state dogs 
gene Times of repeats /10000 simulations P value 
NRAMP1 6559 0.655934 
DLA 7330 1.733027 
TBX21 24 0.002500 
iNOS 114 0.011499 
INF- γ 148 0.014899 
 
 
Table 4.18: P values of the candidate genes using clump 23 software in    
                     B.N state dogs 
gene Times of repeats / 
10000 simulations 
P value 
 
NRAMP1 10000 1.00 
DLA 10000 1.00 
TBX21 7 0.0008 
iNOS 264 0.0265497 
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4.4. Discussion 
Leishmaniasis comprises a group of diseases that display widely different, 
clinical manifestations in different vertebrates, which depend not only on the 
species initiating infection but also on the general health and genetic make-
up of the infected individual. 
The disease is caused by 20 species of the genus Leishmania (WHO, 2004), 
each one induces different symptoms and time course of the disease. The 
same parasite may cause different indications in different hosts and 
populations. Moreover the patients infected by the same species develop 
different symptoms and may vary in response to therapy within the same 
population (Havelkova´et al, 2006).  
L.major is the main causative agent of the cutaneous form of the disease in 
humans  but evidence demonstrates that L.major induces systemic pathology 
in mice which is similar to systemic the disease caused by L.donovani in 
human (Lipoldova et al, 2006).  
Variability in genetic immunoresponse is noticeable also between different 
species of the parasite within different hosts or populations. lsh was 
demonstrated as one of the major genes controlling the infection with 
L.donovani (Mockit et al, 1985 and Davies et al, 1988) but its  influence in  
the course of systemic disease induced by L. major is not recorded. 
In term of resistance and susceptibility the studies reveal that different genes 
respond variably to different types of leishmaniasis in different species and 
populations (Sacks and Trauth, 2002). 
Studies in mouse models of leishmaniasis illustrate that variable strains may 
act differently with different species of leishmania parasites, C57/BL/6 strain 
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manifests susceptibility with L.donovani and resistance with L.major 
(Lipoldova et al, 2006). 
Different species of leishmania parasite may cause different types and 
symptoms of disease. In human the symptoms caused by the same species 
may vary in different species of hosts or between different populations 
within the same host. 
The same species of parasite may reveal different immunoresponse in 
different populations or ethnic groups. Two ethnic groups in eastern Sudan -
Masalite and Aringa- show respectively susceptibility and resistance to 
Leishmania donovani infection in spite of sharing the same habitat, 
environmental conditions and exposure level (Mohamed et al, 2004).  
Susceptibility to L.major is multigenetically controlled. Seventeen of 
Leishmania major response (Lmr) genes control the symptoms of the disease 
in many strains of mice. One of these Lmr controls 13 different 
combinations of pathological and immunological symptoms, seven loci 
control both pathological and immunological parameters whereas ten 
influence immunological parameters (Demant et al, 1996).   
Several initial studies of mouse models of leishmaniasis indicated that the 
resistance or susceptibility to infection that is caused by L. major might be 
determined by the activation of different classes of T helper cells because 
disease progression seemed to be associated with a more prevalent response 
by Th2 lymphocytes, which produce IL-4, whereas disease resolution 
seemed to correlate with a higher level of activation of Th1 cells that 
produce IFN-γ (Heinzel et al, 1989). Inhibition of iNOS in resistant strain of 
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mice led to the reactivation of the parasite in the skin and draining lymph 
nodes (Stenger et al, 1996).  
In Sudan L.donovani is the main cause of visceral leishmania, where 
L.major causes the cutaneous leishmania in Sudanese people.  The same 
variation in genetic immunoresponse is noticeable between different species 
of parasites within different hosts or populations (Khalil et al, 2002). 
Unfortunately the clinical information about the feral dogs found in the 
study area which is a very poor are is very scat; there are no records of the 
infected animals or the exposure level. Also because the dogs in that area are 
free ranging animals, veterinary care is completely absent.  The common 
symptoms seen among the infected dogs can be summarized in 
hyperthermia, long and deformed nails and furrowed coats.    
 
4.4.1. Dogs as reservoir host of leishmaniasis 
Although many studies implied that visceral leishmania is an anthroponotic 
disease, a theory of zoonotic transmission is also supported by a 
considerable number of studies conducted in different regions of the world 
including Sudan. 
 Ross et al, (1903) described the first anthroponotic human visceral 
leishmania in India. Moreover, Jamjoom et al, (2004) proposed that in 
eastern Sudan where the sand flies number is scarce; the transmission of the 
disease may be attributable to the high number of post kalazar dermal 
leishmaniasis (PKDL) patients who may act as reservoir of L.donovani in 
that area, but in the absence of PKDL the question which arises is how could 
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humans become the source of infection if parasites were mainly located in 
target viscera spleen, liver, and bone marrow?. 
Sousa et al, (2001) depending on Adler and Theodor’s comparative study 
suggested that one of the principal differences between Indian and 
Mediterranean VL, that Indian VL involves a heavy blood and skin 
parasitism and an anthropophilic vector, making humans the reservoir of the 
disease, a true anthroponosis. In contrast, in North Africa and the 
Mediterranean region, blood parasitism in humans was not detected. Thus, 
humans were considered to be the final host of the parasite and sand flies 
become infected by feeding on the skin of canids (dogs and foxes), making 
the Mediterranean VL a canid zoonosis. Most epidemiological studies 
conducted in the Mediterranean area and Latin America suggest that VL is a 
zoonotic transmission disease. 
 In Sudan many studies demonstrate that the disease is caused by L.donovani 
and evidence points towards the zoonotic mode of the disease (Elnaiem et al, 
1997; Hoogstraal and Heyneman, 1969 and Kirk, 1956).  
Elnaiem et al,(2001) reported that 6.9% of the  population of Phelobotomus 
orientalis of an uninhabited site in Dinder National Park were infected by L. 
donovani , where both people and domestic animals were clear from the 
parasite which implied that the parasite could be circulating between wild 
reservoir hosts, which have close association with the vector in that area. 
An intensive reservoir host study carried out in Southern Sudan held by US 
Navy Unit Number-3 (1962- 1964) discovered the Leishmania donovani 
parasite in three species of rodents (Rattus rattus, Arvicanthis niloticus and 
Acomys albigena) and two carnivore species (Genetta genetta senegalensis 
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and Felis several phillipsi), similarly Sixl et al, (1987) discovered an 
infection with very heavy parasitaemia of undefined leishmania parasite in a 
jackal found in Melut District (Southern Sudan). Moreover, some recent 
studies detected confirmed L.donovani in dogs (Deruere et al., 2000) and 
serological evidence for exposure to the infection by donkeys (Mukhtar et al, 
2000). 
Dogs act as an important reservoir of L.infantum the causative parasite in 
Mediterranean basin, North Africa, China, Iran and the Americas. The 
parasite is transmitted from dog to dog or human through the bite of sand 
flies. Studies revealed a high prevalence in many regions all over the world. 
In Italy it varied from 14.5- 24%, in France the Alps Maritimes has 3% to 
17%, in Spain, Madrid and the Priorato regions has 5% and 18% , 
respectively and Portugal, 8.5% prevalence (Alvar, 2001).  
De souza et al, (2005) in a case study of a dog with a history of weight loss 
and lameness of the left hind limb, found painful response to examination of 
the left hip joint, and lymphadenopathy. In this case Amastigote forms of 
Leishmania spp were observed cytologically in samples from the popliteus 
lymph node, and anti-Leishmania spp. antibodies at a titre of 1:6400 were 
detected in serum by indirect immunofluorescence. 
In the northeastern states of Brazil domestic dogs constitute the main 
reservoir of L.chagasi, and play a key role in the transmission to humans. 
Dogs infected with L.Chagasi showed 1.3% prevalence during the period 
from 1953- 1960 (Sousa et al, 2001). 
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In North West Iran, Gavgani et al, (2002) found that the seroprevalence of 
dogs infected with L.infantum was higher than children (21% and 7% 
respectively). The samples were collected from 38 villages during random 
survey in that area. 
In the Mediterranean region and Brazil many studies reported the reservoir 
role of dogs in L.infantum (Silva et al, 2003). Contrastingly no evidence of 
the same role in L.donovani was reported neither in the same area nor in 
different areas but some studies reveal that dogs have the capability of 
injecting the infection to L.dnonvani parasite the main cause of visceral 
leishmania in Sudan.  
Visceral leishmaniasis with dogs as reservoir hosts is usually associated with 
L. infantum in the Old World, which has been shown to be identical with L. 
chagasi in the New World (Duprey et al, 2006). 
There is not much data available in Sudan describing the development and 
symptoms of this disease in Sudanese dogs, except the study conducted by 
Dereure, (2000) in Barbar Elfugarra village in Gadaref state Eastern Sudan, 
the same study area of the present study. They tested 51 dogs using 
immunofolurescence test (IFAT) and 9 dogs for lymph nodes puncture. 
Twenty two dogs had serological titre higher than 1:40, 15 had 1:40 and 10 
dogs had antibodies at 1:20. Four cultures out of nine were positive. The 
strains detected were MON82, MON257 and MON 267 which are all belong 
to L. donovani. 
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4.4.2. Direct agglutination test 
Direct agglutination test has proved to be a very important serodiagnostic 
tool combining high levels of intrinsic validity and ease of performance but 
it has many disadvantages. 
 DAT test depends on the antibody levels in the blood of suspected animal 
but the antibodies remain high even after recovery from infection for a long 
time which makes the judgment of current or previous infection difficult. 
Current infection can be detected by culture of the parasite from the lymph 
nodes, spleen and liver which is a different technique that depends on a 
different concept. 
Another disadvantage of this test is its inability to differentiate between 
different types of leishmaniasis. The cut off point between the positive and 
negative individuals varies according to the geographical region and the 
level of exposure in the area.   
Schallig et al, (2000) approved the cut off titre 1:<400 whereas Silva et al, 
(2002) endorsed 1:800 as the cut off point in a study held in Brazil 
conducted with human. 
Most studies carriedout in Sudan using DAT consider the case positive when 
show titre reached 1:1600 and higher. Harith et al, (1988) considered that the 
border line between the leishmania infected patients and others starts from a 
titre of 1:6400 and higher although in case of infection with the 
trypanosomes it starts from 1:200. 
Veeken et al, (2003) found that sensitivity of titres between a range of 1:400 
to 1: 6400 reached 100% and the predictive value was 80% although the 
specificity was only 55%.  
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In this study the cut off point between the suspected individuals and control 
is considered to be greater than >1: 50, This point was chosen after 
performing the DAT three times and the results show the same level of titre 
in all individuals showed titre level higher than 1:50. 
Because the study is interested in the infected animals or those which had a 
previous infection and recovered, a titre of 1:100 and more can confidently 
give us an idea of the animals which had a past or current experience with 
the disease.  
There is no evidence of applied DAT used in the diagnosis of VL in 
Sudanese dogs despite the abundant evidence of infected dogs and other 
animals reported. The diagnosis in most studies depends on the symptoms 
and microscopy of splenic or lymph node aspirates or the bone marrow. 
 
 
4.4.3. The genetic sensitivity 
Lack of clinical records makes the estimation of virulence and natural 
resistance of the Sudanese dogs difficult to measure. 
In this study two of the candidate genes studied showed an association with 
the disease (T- bet and iNOS genes).  
Most studies concerning the t-box gene indicate its contribution to the 
activation process of T-bet depends on the DCs which is sensitively 
influenced by the invasion of leishmania parasite mastigote and less 
sensitive to promastigote (Banchereau, 2000). 
 
Ghosh et al, (2006) studied the effect of L.donovni parsite on the myeloid 
dendritic cells of human, they found that the infection by the parasite 
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enhance DCs to induce Th1 cells responses both in naive allogeneic CD4+ T 
cells and in autologous CD4+ T cells from patients with kala-azar and up-
regulated the expression of T-bet  
It is apparently that the T- bet is one of the major controller of the Th1 and 
Th2 fate which play an essential role in resistance or susceptibility of the 
disease. 
Macrophage can either host or kill Leishmania paasite. The factors 
controlling the macrophage reaction towards the parasite are iNOS and 
arignase. These two enzymes are competitively regulated by the cytokines 
secreted by Th1 and Th2 cells, Th1 cytokines induce iNOS, whereas Th2 
cytokines induce arginase. iNOS secretion leads to produce nitric oxide by 
the macrophage which has been correlate with the killing of L.major parasite 
(Kropf et al, 20031’2). 
iNOS is a one of the genes that is up regulated by INF- γ.  It primarily plays 
a role in macrophage killing mechanism in association with phagocyte oxide 
(Phox). 
iNOS has been found contributing in leishmania parasite replication inside 
the host liver and preventing conversion of infection to a chronic form. Liver 
parasite burdens were increased in phox and iNOS knockout (KO) mice 
(Murray et al, 2006). 
 
The results shows missing alleles within the high tittre individuals in the 
DLA and The TBX21 which imply to a protective function but this result 
may also due to the small number of alleles tested in the DATA. 
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This study is a case study aims to detect a microsatellite allelic variance 
between the suspected animals shows a high titter and the control group with 
low titter. The linkage found considered as or indicator to a mutation may 
appeared among the candidate genes studied.  
This technique may not provide confirmed information about the reality of 
the linkage which it may appear coincidently  due to the statistical 
calculations, or the mutation may be in another gene which is nearby the 
candidate gene studied, also it does not give the accurate location of the 
mutation suspected and it’s substitution in the sequence. 
Further investigation needed with larger number of animals to sequence the 
genes that show the linkage and to find out if there are any mutated regions 
can affect the function of these genes.  
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                                               CHAPTER FIVE 
The trainability performance of the Kababeesh in the 
 Fields of narcotic detection and agility 
 
Abstract 
The trainability and learning is a complicated process due to the large 
number of factors contributing to this issue. 
In Sudan many types of dogs are used for hunting and herding animals. 11 
dogs were collected from North Kordofan area and exposed to a training 
program consisting of three major phases to evaluate their capabilities in the 
police work. 
The high performance individuals were selected to be the parental generation 
of 7 puppies which were subjected to the same training program of the 
parental generation. 
7 dogs out of the 11 parents passed successfully the first phase and entered 
the second phase and 5 individuals out of those 7 succeeded in reaching the 
final phase but none of the parental generation individuals succeeded in 
finishing the training program successfully. 
All individuals of the offspring generation (7 puppies) successfully passed 
the first and second training phases and 4 of them finished the training 
program successfully. 
The results indicated the good potential of this type of dogs to respond to 
training provided they are given the proper environment combined with a 
scientific breeding program to help in improving their behavioural traits. 
 
5.1. Introduction 
Dogs have been subjected to a huge range of selection pressures during 
domestication and that has resulted in a considerable diversity in 
morphology and behaviour. This situation makes them an interesting model 
for studies of animal personality.  
Svartberg, (2002) in a behavioural data collected from 15,329 dogs of 164 
different breeds revealed the existence of five narrow traits which are 
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‘‘Playfulness, Curiosity/Fearlessness, Chase-proneness, Sociability and 
Aggressiveness’. They also found that except the aggressiveness all these 
factors are related to each other.  
The training process depends on developing, enhancing, eliminating or 
avoiding a specific response of natural behaviour according to the aim of 
training 
 
5.1.1. How to select a police dog 
There is a vast difference between the police dog and the dogs raised as pets 
in homes. Bryson (1984) described the desirable police dog candidate as 
‘‘physically sound mature adults that exhibit balanced traits in social 
behaviour, play behaviour search and aggression’’.  
 
5.1.2. Trainability and training steps 
5.1.2. Training program 
Police dog candidates should be trained from puppyhood to respond to the 
handler’s commands, socialization, play and search. Bailey, (2002) 
mentioned that the puppy needs to be trained or have time set aside with its 
handler for the first 12 months of its life. During this period the puppy must 
learn the basic training exercises such as recognizing its name, come when 
called, walk on a lead without pulling and positions- sit, down, stand and 
rollover. 
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5.1.3. Training phases 
According to the training syllabus at the Police Dogs Administration in 
Sudan the training process is divided into two phases, a preliminary phase 
and an advanced phase. 
 
5.1.3.1. The preliminary phase of training 
This phase starts from the first day of puppy hood until it reaches six months 
and this period is equivalent to the new born, transitional and socialization 
periods mentioned by Bialy (1995) and Fogle (1992). This phase is divided 
into three periods as follows: 
 
I.The mother group (0 – 8 weeks) 
During the weaning stage, the puppy depends completely on its mother and 
puppies learn and develop their instinctive behaviour from their mother. It is 
preferable to keep puppies quiet and avoid stressing them too much by 
introducing them to many people. Battaglia (2001) mentioned that The U.S. 
military developed a program called "Bio Sensor”. Based on years of 
research, the military learned that early neurological stimulation exercises 
could have important and lasting effects. The first period involves a window 
of time that begins at the third day of life and lasts until the sixteenth day.  
The types of stress suggested by Battagilia (2001) are as follows: 
a) Tactile stimulation: Holding the puppy in one hand, the handler gently 
stimulates (tickles) the pup between the toes on any one foot using Q-tip. 
It is not necessary to see that the pup is feeling the tickle. Time of 
stimulation 3 - 5 seconds. 
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b) Head held erect: using both hands, the pup is held perpendicular to the 
ground, (straight up), so that its head is directly above its tail. This is an 
upwards position. Time of stimulation 3 - 5 seconds. 
c)  Head pointed down: holding the pup firmly with both hands the head is 
reversed and is pointed downward so that it is pointing towards the 
ground. Time of stimulation 3 – 5 seconds. 
d) Supine position: holding the pup so that its back is resting in the palm of 
both   hands with its muzzle facing the ceiling. The pup while on its back 
is allowed to sleep struggle. Time of stimulation 3-5 seconds. 
e) Thermal stimulation Use a damp towel that has been cooled in a     
refrigerator for at least five minutes. Place the pup on the towel, feet 
down. Do not restrain it from moving. Time of stimulation 3-5 seconds. 
 
II.The puppies’ group (9- 16 weeks) 
This is the period in which puppies will be separated from their dam. During 
this period they will gain the social behaviour, the dominance behaviour will 
become manifested between dogs, and also the hierarchy of the pack will 
begin to appear. This period is equivalent to the last stage of the transitional 
period and the juvenile period according to Baily (1995) and fogle (1992) 
classification. 
During this period it is important to expose the puppies to a limited number 
of people especially if we are aiming to train these puppies as police or 
military dogs. In this period the hierarchy will obviously appear within the 
litter which makes it the best time to choose individuals for different 
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purposes.  The dominant ones are chosen for police work and the less 
dominant can be raised as pets.  
 
III. The trainer group (17- 24 weeks) 
Each puppy will be separated in its own kennel. This period is the time of 
learning the social behaviour towards humans depending on the help of the 
trainer of the puppies. During this period the difference between the training 
strategies is clearly manifested according to the target of training whether 
targeting a pet police or military dog. In the case of police or military dogs, 
it is important to enhance the protectional behaviour, aggression and 
dominance of the dog toward others except its trainer whereas in the case of 
the pet or family dog it is better to decrease the aggression and dominance 
instinct of the pet by using intimate treatments and contact .  
 
4.1.3.2. The advanced phase of training (25- 48/72 weeks)  
 During this phase every dog will be accompanied by a specific trainer for 
the rest of its life or at least until the whole training period is completely 
finished.  It is important to choose and provide the suitable dog for the 
suitable trainer according to the general temperament and activity of each 
handler and his dog. 
 
I. Adaptation period 
It is the first step of disciplined training. During this period the trainer must 
forge a strong tie with his dogs. The correct relationship which the trainer 
must create and develop with his dog summarized in a few words, is to 
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convince your dog that you are the master and at the same time you are his 
friend and he always needs you. Fogle (1992) described the mentality of 
dogs as follows “Dogs do not accept to live in equality with other dogs or 
with us so democracy is a misplaced ideology in the canine world”. 
The second objective of this period is to grope for the natural abilities and 
instinctive capabilities of the dog. Most of the exercises which we aim for 
during the training process of this period are natural actions that the dog 
does frequently, then the challenge is to enable him to associate these actions 
with disciplined orders. Usually this period takes from three to four months 
to obtain the perfect level of relationship between the dog and handler. 
 
II. Obedience period 
During this period the dog must be trained to do a specific exercise when a 
specific order or sign is given to him. Enforcement and punishment must be 
introduced to enable the dog to differentiate between playing and the serious 
exercise. Rewarding must not be used unless the dog did the exercise 
perfectly. Although Peak (http://www.dogbreedinfo.com/findingobedience 
program.htm) does not approve the tough trainer and excess punishment she 
reported that “The type of trainer you pick will be very important in helping 
you develop a good, solid working bond with your dog or puppy. The trainer 
who uses all force and harsh corrections should be avoided.  The goal of 
training is not to force a dog to learn but rather to make him want to learn 
and bond with you.  There is no one perfect way to train all dogs. What 
works for most of the class may not work for your dog.  A good instructor 
will know this and find the best way to help you and your dog”.  
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The ease and progress of this period depends on the relationship made 
between the dog and it’s handler during the past period. However the period 
takes approximately 60- 75 days.  
 
III. Learning games 
Dogs learn remarkably fast if they are motivated. It's a good idea to choose a 
trick or a game that you at least think your dog might enjoy doing. Teaching 
games to a dog needs to be done by breaking it up into steps and the most 
important point is that the dog needs to know when he is doing the right 
things. For example If you toss a tennis ball from your hand and say 
'retrieve!', many dogs run after the ball as desired, but it's unfair to expect the 
dog to know that you want the ball brought back to you, unless you can 
clearly 'tell' him that. 
 
IV. Retrieving games 
It is the first step of learning to fetch narcotics or explosives in the police 
work, a dog that does not fetch and retrieve toys will not be able to be a good 
narcotic or explosives detector. It would be easiest to teach the dog if  it 
already enjoys carrying things in his mouth, but if he does not enjoy 
retrieving things there are a number of tricks to make a dog do this game. 
These include making the toy from a material and shape already preferred  
by the dog and not allow him to catch the toy for a long time. The playing 
techniques and encouragement during the sessions will contribute to 
teaching the dog this game.   
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V. Fetching games 
Once the dog learns the basic retrieving of its toy, it will be ready to go and 
fetch for any toy we point out to him and this is the time to teach him 
fetching the items that we are targeting (explosives, narcotics … etc). At the 
beginning of this phase some precautions should be taken into consideration 
such as avoiding heavy or hard toys. Effort should be made to make this 
game enjoyable for short period of time and avoid accelerating the progress 
of training. 
Bailey (2000) lists the steps that should be followed to enable the dog to 
master this game perfectly as the follows: 
a) Ask your dog to fetch the article and as he brings it to you, begin to walk 
away from him. 
b) Keep encouraging him to come with you and run around so that he is 
walking beside you. 
c) After a few paces make a big fuss over him and reward him well. If he 
drops the article at any time, quickly encourage him to fetch it again. 
d) Progress slowly until he walks beside you carrying anything you have 
asked him to fetch. 
Dogs have been subjected to a huge range of selection pressures during 
domestication and that has resulted in a considerable diversity in 
morphology and behaviour. This situation makes them an interesting model 
for studies of animal personality.  
Svartberg, (2002) in a behavioural data collected from 15,329 dogs of 164 
different breeds revealed the existence of five narrow traits which are 
‘‘Playfulness, Curiosity/Fearlessness, Chase-proneness, Sociability and 
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Aggressiveness’. They also found that except the aggressiveness all these 
factors are related to each other.  
 
5.1.4. Important factors contributing to the training process 
4.1.4.1. Aggression 
Dogs do not expect to live in equality with other dogs or with us and 
dominance hierarchy is an important element determining their behaviour. 
Aggression in dogs does not mean vindictiveness or maliciousness as we 
commonly think, but it takes more different forms and it may appear as a 
result of many influences such as the dominance aggression which is 
genetically influenced or the sex aggression which is hormonally influenced 
while other forms can be influenced by the environment (replacing house or 
moving its objects). 
 
5.1.4.1.1. Types of aggression 
There are eight types of aggression which might be related to one or more of 
the reasons mentioned earlier (either genetically, hormonally or 
environmentally influenced). 
 
A. Dominance aggression 
Dogs are pack animals; they naturally take their order in the pack by fighting 
with each other. This problem is usually shown by male dogs between two 
and two and a half years of age (Voith and Borchelt, 1982). Approximately 
one out of every five aggression problems brought to the veterinarian for 
attention is one of dominance aggression although dominance aggression is 
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both inherited and learnt, 58% of clinical cases occur in males. The 
hormonal influence on this behaviour probably occurs near birth when the 
male pup’s brain was masculinised by surges of testosterone (Fogle, 1992). 
Baily (2002) classified the dominance aggression into dominance aggression 
towards humans and dominance aggression towards other dogs.  
 
B.  Possessive aggression 
This type of aggression appears as a result of food, toys and sleeping place 
competition especially when the members of the pack are similar in size, sex 
and age. Also sometimes the possessing aggression may be one of the 
dominance expressions. 
 
C. Fear aggression 
Opposite to dominance aggression the effect of the genetic component in 
fear aggression is less than the environmental effect. It is a defensive 
behaviour and primarily learnt. Dogs which do not have contact with people 
and different surroundings in the puppyhood period most likely will develop 
this behaviour when they become mature. Fogle (1992) reported that the 
dog’s response to fear or pain is a mixture of physical, physiological and 
emotional responses. Although many types of fear induced aggression have 
their origins during the socialization period from seven to twelve weeks of 
age, a dog can develop fear behaviour at any age. 
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D. Protective aggression 
This type of behaviour most probably appears as a result of dominance in 
males and fear in females. The difference in protective aggression between 
dogs and other animals is that the dog in addition to protecting its house, 
puppies and toys it protects its owner and his family, friends and animals 
owned by him. The protective behaviour is of course, one of the strongest 
values of canine companionship, but it can often become troublesome and 
must be controlled. 
Fogle, (1992) reported that the intensity of territorial or protective drives is 
inherited. It is genetic but this base is augmented though learning.  
 
E. Inter- male aggression 
The attitude of inter-male aggression appears clearly after puberty and this 
type of aggression is found in males and is very rare in females and when it 
is found it is usually related to conflict in dominance. 
Inter-male aggression can be induced by the sight of another male dog or by 
the scent. Fogle (1992) reported that the inter-male aggression is responsible 
for approximately one of every ten cases of aggression treated by 
veterinarians. 
 
G. Predatory aggression 
Dogs are predators. Fogle (1992) described the basis of predatory aggression 
as being genetic but it must also be learnt from the mother. Also the 
naturalist Mech (1987) described how a wolf pack behaves during predatory 
aggression and it seems similar to the playful dog behaviour that sometimes 
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tends to change into true predatory aggression. When dogs engage in 
predatory aggression for real it is usually against different species like sheep, 
cats and squirrels but it can also be directed at children or older people. 
Although it is uncommon it is still the most serious type of aggression 
because the aim is to kill. 
 
H. Idiopathic aggression 
It is a sort of aggression without any apparent reason. It is not related to 
dominance, fear, protective or any other type of explained aggression. The 
serious aspect is that the dog usually attacks his owner or visitors in an 
aggression directed towards known people to the dog. It is also a sudden 
behaviour without any signs of warning and after a while the dog will return 
pleasant, affectionate and obedient. 
Fogle (1992) referred this behaviour to a problem hidden deep in the dog’s 
brain and is almost undoubtedly  genetic in origin especially that there are 
certain breeds that suffer from this sort of behaviour more than other breeds 
such as the German shepherd dogs, Rottweilers, Dobermans and solid 
coloured cooker spaniel. The best way to avoid this problem is by checking 
the records of the puppy for three or four generations to confirm the genetic 
clearance from this problem when selecting a puppy from the above 
mentioned breeds. 
 
I. Learnt aggression 
The police and army dogs are commonly trained to be aggressive during 
their training courses. All the natural types of aggression such as dominance, 
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predatory and protectiveness could be enhanced by training and pain is a 
very good enhancer of aggression. However, the aggression enhancement 
used by the police dogs’ handlers is a retrieving behaviour as much as it is 
aggression because it could be turned on and off and this appears clearly in 
the crowd control and patrolling dogs which are very calm when out of work 
and become so aggressive when they are commanded to catch a criminal for 
example. 
 
5.1.4.2. Fear 
Fear in potentially harmful situations is a normal and healthy reaction. Fear 
in the dog’s mind has many origins, genetic effect is the most apparent 
reason but also some studies in rats found that a protein deficiency around 
birth time can produce increased emotionality later on in life. Also fear 
could be acquired from the external environment, Scott and Fuller      (1965) 
described how nervous mothers can imprint nervousness into their offspring. 
Dogs that are deprived of normal exposure to common stimuli during their 
critical period of development quite simply become fearful dogs when they 
mature. There is considerable individual and breed variation but virtually all 
dogs will show fear responses to new and unusual stimuli that have not been 
experienced before they were sixteen weeks old.  
Fogle (1992) described the expressions of fear (fight and flight) of dogs. 
They might bark anxiously and assume the body posture of fear, in which 
the tail is tucked between the legs, the back is arched, the lips are drawn 
back, the hackles raised and the ears are flattened against the head. At the 
same time there is an autonomic reactivity. The heart rate increases, pupils 
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dilate and trembling might occur. The dog might even urinate and of course 
he might try to bite. 
 
5.1.4.3. Phobias 
Fear might be learnt or unlearned. When fears are not learned in this way 
they become phobias. Dogs can develop phobias to loud noises and traffic. 
Phobias to veterinarian and veterinary clinics are also common in dogs. 
Phobias might happen because the first association was exceedingly 
unpleasant.  
  
5.1.4.5 Excitement 
When the dog is excited it becomes restless and extra alert. It might bark, 
show increased attachment to its owner or handler by nudging and making 
physical contact. It might even urinate or defecate or it might chew on its 
lead. All these behaviours are signs of the high arousal of the adrinopituitary 
axis.  
 
5.4.6 Anxiety 
Dogs are genetically designed to live in a natural environment and are 
motivated by various genetically predetermined drives such as hunger, thirst, 
sex, aggression and territorial marking. When they are forced to live in a 
place designed to be more confined according to our elusions towards dogs 
which are usually not true, the result is that the dog will suffer from anxiety 
due to the conflict between their natural type of life needs and the way which 
they find themselves forced to live. 
  154
If the owner of the dog or its home has been changed then the signs of 
anxiety will appear and it may develop to a dangerous behaviour if the dog is 
exposed to poor treatment and care by the new owner. 
Fogle (1992) arrays the signs of anxiety starting from showing the greeting 
signs like the tail wagging and approaching while at the same time showing 
fear with the head held low, also rolling over and urinating as signs of 
submission. Destructive behaviour and neurotic reactions like chasing their 
tail are clear signs of anxiety. 
When the dog is owned by more than one person and one of them allows 
him to do a certain act while the other prevents the dog or punishes him for 
the same act, this will an important cause of the anxiety. 
  
5.1.4.7. General activity 
It is an essential trait for dogs that work in the police field. Dogs vary in 
their activity according to their body size, age and breed. Medium size and 
young dogs are more active than old heavy dogs. Also the dogs which are 
classified as working dogs are more active than the other breeds. 
 
Baily (1995) mentioned that it is very important to provide the right amount 
of physical exercise. The consequences of not doing this are obvious. Any 
excess energy is likely to be chanelled into unwanted behaviour, such as 
over- zealous greeting of owner or visitors, attention- seeking, or very 
boisterous play with toys or other objects. 
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5.1.4.8. Playfulness 
Dogs use a variety of body language signals to display playfulness. An 
individual dog may show any combination of these play signals: 
• Prancing and slapping of the front legs on the ground (play bow) 
• Focusing on its handler and watching his movement excitedly. 
• Prancing actively asking for playing 
• Chasing behaviour  
Excessive playing may cause an undesirable behaviour such as some type of 
aggression or discipline problems. Thus rules of fair play are essential and 
they should take into consideration the following concepts:- 
1- No teeth grap skin or cloths to avoid any aggressive revelation during the 
session 
2- The trainer is the one who decides the beginning or ending of the session 
to avoid any undesirable dominance behaviour. 
3- The trainer must always win the game to show leadership and control his 
dog 
4- If  the dog wants to play more than the human, redirect his energy into 
chasing games or a chew toy  
5.1.4.9. Social behaviour 
Dogs are highly social cognitive animals, a skill that is due to three reasons:  
First dogs originated from wolves which need to live in a social group  to 
survive in the wild. This enables them to hunt, stay safe and reproduce. Dogs 
have retained this need for social contact; all dogs need to feel that they are a 
part of a pack. The second reason is the process of domestication which 
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depends on achieving mental adaptations to fulfil their roles in the human 
society such as herding animals or companionship. Living in the human 
society facilitates the development of relevant mental skills in dogs 
(Jonathan 2003).  
Fogle (1992) stated that the pack behaviour in dogs is less complex than 
wolves. Because rules cannot always be followed among dogs, the behaviour 
is less predictable. Only dogs that have reverted to the wild hae predictable 
behaviour and so do dingoes and pariah dogs.  
Bailey (2000) indicated that one of the major differences between humans 
and dogs is the speed of growth and development. Humans take 
approximately 18 – 21 years to mature, whereas dogs mature in about one to 
one and a half years. To a puppy one week represents a large proportion of 
its puppy hood. Hence it is important to use the short period of puppy hood 
to pack as many good experiences in as possible.  
 
5.1.4.9.1. Social behaviour towards other dogs and animals 
This type of behaviour is varied between aggression, shyness and fear. In 
case of free ranging dogs the most obvious common finding is that, as 
concentrated as the populations are, the dogs never form social packs with 
dominance hierarchies. Most dogs are lonesome travellers although two 
neighbouring dogs will often range together. The only time that dogs 
congregate is when there is a female in oestrus and even then it is rare for 
there to be more than seven dogs following the oestrus female. 
Although the house dogs and dogs kept in kennels behave differently, Bailey 
(2000) indicated that some dogs are aggressive when on the leash, but are all 
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right if they are loose because they know that they are able to run away if 
necessary. The dog may behave more confident towards other dogs or 
animals when accompanied by his owner. 
 
5.1.4.9.1. Social behaviour towards humans 
The beginnings of social behaviour towards humans obviously started with 
the process of domestication which is estimated to have happened more than 
12 thousand years ago (Coren, 1995). The dog's ancestor was to a great 
extent, pre-adapted to be adopted by man (Messent and Serpell, 1981).  
Dogs are social animals so they must reveal different types of social 
behaviour and skills such as the ability to recognize siblings, the capability 
to restrict their own aggression and specific social signals and 
metacommunication.  
Socialization towards people is an acquired behaviour that the dog must 
learn from the puppyhood through exposure to different people in different 
situations. 
Lack of contact with people will cause fear, shyness or aggressive behaviour 
towards them so it is essential for the house dogs to be with humans from an 
early stage of life. For the police or army dogs the social behaviour towards 
other people is not desirable especially for patrolling. The dog must develop 
a strong relationship only with his handler and the people who are in direct 
contact with him. 
Sheldahl (2000) described the police dog as being alert and curious, willing 
to explore its new environment but also checks up on his handler. When the 
handler initiates play the dog should participate. If other people walk 
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through the area he should be aware of their presence and even wish to 
investigate. If a stranger walks up to the handler the dog should be curious 
and interested. Warning signs about problem temperament are excessive 
sharpness in the new environment, unwillingness to play with the handler, 
unwillingness to explore, or being completely unaware of humans within the 
environment.  
One of the most important experiences that a dog must learn during the 
puppy hood and is difficult to be described as social behaviour is the 
habituation and confidence in strange or new places. It is essential for the 
dog working in the police field to do its job perfectly in any place at any 
time without fear or shyness and this can be achieved by taking the puppy 
different places frequently from an early time of his life.   
 
5.1.4.10. Trainability 
Trainability means studying and evaluating two traits, the short and long 
term memory and solving problems. Bailey (2000) described the trainable 
dogs as being likely to be inventive about displaying behaviour that increase 
their chances of getting a reward. If a dog just sits there waiting for a long 
time, he may be a very patient, steady dog who does not do the unexpected, 
but he will probably not be as smart as a dog that is constantly inventing 
novel behaviour. 
 
5.1.4.11. Memory and solving problems 
For solving problem tasks, at least two conditions must be fulfilled. First, the 
animal has to be motivated to obtain the reward, and second the animal must 
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have the mental ability to detour that involves a temporary distancing from 
the target.  
The relationship with owner or handler is essential for the different training 
processes. Pongaracz (2001) found that dogs are able to rely on information 
provided by human action when confronted with a new task.. Although they 
did not copy the exact path of the human demonstrator, they easily adopted 
the detour behaviour shown by humans to reach their goal. However, Topál 
(1997) found that the performance in problem solving decreased with the 
high levels of dog dependence on his handler. 
 Frank (1987) found that tamed wolves tend to solve problems by trial and 
error or social learning (observational learning/ goal emulation) and they 
often do this more effectively than dogs. He explained this result in terms of 
the absence or very low levels of human dependence in wolves compared 
with dogs. 
Hart and Hart (1985) looked at 13 traits thought to be of importance to 
differentiate between dog breeds (given table 5.1). They found that cluster 
analysis revealed that three factors (reactivity, aggression and trainability) 
could explain most of the 13 traits.  
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Table 5.1: Behavioural traits ranking in decreasing order in 
differentiation between dog breeds 
                                   
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 5.2: Ranking of dogs on obedience and working intelligence                   
Rank Breed 
1 Border Collie 
2 Poodle 
3 German Shepherd 
4 Golden Retriever 
5 Doberman Pinscher 
6 Shetland Sheep dog 
7 Labrador Retriever 
8 Papillion 
9 Rottweilers 
10 Australian Cattle Dog 
 
 
Trait F ratio 
Excitability 9.6 
General activity 9.5 
Snapping at children 7.2 
Excessive barking 6.9 
Playfulness 6.7 
Obedience training 6.6 
Watchdog barking 5.1 
Aggression to dogs 5 
Dominance over owner 4.3 
Territorial defense 4.1 
Affection demand 3.6 
Destructiveness 2.6 
House training ease 1.8 
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5.2. Materials and Methods 
Twenty two dogs from 6 villages in Sodary province in North Kordofan 
state collected in two batches of 13 and 9 animals formed the parental 
generation. The collected animals received veterinary care, vaccination, 
deworming, feeding sytem and housing in accordance with the schedule 
mentioned in chapter two. 
The protocol used for training in this experiment was the same protocol 
adopted by the police dogs school with slight modification regarding the 
sequence and intensity of obedience period. The obedience phase was 
delayed until the adaptation and retrieving games were finished and the dogs 
became skilled in them. Then the obedience was introduced gradually 
without extra pressure or extra punishment. Sensitivity towards severity was 
noticed in the Kababeesh type and retrogression during training and during 
hard sessions was reported.  
Eleven individuals from the Kababeesh type were exposed to the training 
programme (5 females and 6 males). A breeding programmes were designed 
on the basis of their response to the exercises using a positive assortative 
mating strategy. 
Table 5.3 shows the main phases of the training programme and its duration. 
Scores were assigned at the end of each phase. 
 
5.2.1. Adaptation period 
All puppies were introduced to their handlers. Five handlers were invokved 
in this study and each handler was charged with 2 puppies to look after. The 
sessions were held daily from 8:00- 9:30 am for each puppy individually. 
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The duration of this period was 10 weeks and scores were awarded during 
the last seven days of the period.  
The ages of dogs at the beginning of this training period varied between 7- 
10 months, arefkection of thevariation in age at the time of collection. The 
age at the beginning of adaptation sessions for all the offspring generation 
individuals was six months. The exercises conducted during this period were 
mentioned in table 5.3. The adaptation period took three months, the scores 
were recorded at the the end of every session for each animal and then the 
overall mean was calculated from all scores during the period. 
Three expert trainers evaluated the performance and converted their 
evaluation into scores. 
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Table 5.3: Adaptation period, exercises and scores 
No Exercise score 
1 Social behaviour towards Human and other animals 10 
2 Predatory behaviour and aggression 5 
3 Exploring behaviour and response towards new places 10 
4 General activity and playfulness 20 
5 Retrieving balls 10 
6 Attentiveness and concentrating  20 
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5.5.2. Obedience period 
After the dogs completed the adaptation and retrieving phase the dogs were 
transferred to the obedience phase. During this phase they followed the same 
daily routine as in the previous phase for 8 weeks and the individuals were 
given scores taken during the last week of the obedience period. Table 5.3 
shows the exercises taught and scored at the end of this period. 
 
5.2.3 Searching and detecting the target odour 
This period lasts for 10 weeks, and the dogs that failed to perform well in the  
previous period were not allowed to join in this training period. The animals 
were given scores on the tenth week. The component exercises and the total 
sores that can be achieved by animals are   illustrated in table 5.5 
 
5.2.4. Puppies of the offspring generation 
Two handlers took charge of all the training operation for the offspring 
generation puppies. Observation, socialization and exploring sessions were 
held starting at an early age of the dog’s life. The formal training sessions 
were started with the adaptation exercises from 6 months of age following 
the same exercises and duration that were adopted in their parent’s protocol. 
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Table 5.4: Obedience period, exercises and scores 
B Exercise score 
1 Send and call back orders (go, come, go back…etc ) 10 
2 Basic training orders (Sit , Lie down, sleep, die, turn back…etc)      10 
3 discipline orders  (stop, catch, freeze…etc) 10 
4 Eligibility exercises (up, down, jump… etc) 10 
 
 
 
Table 5.5: Final training phase; searching and detecting exercises and  
                 scores       
C Exercise score 
1 Searching the ball contain the handler’s odour 10 
2 Searching the ball contain the target odour 10 
3 Speed of reaching 10 
4 Systematises of searching 20 
5 Suspension with the target odour 10 
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5.2.5. Materials 
Materials used in this training program were fabric leaches with different 
lengths 1- 15 meters for restricting the movement of the dogs, electric collar 
for punishment and pieces of sweets and biscuits for rewarding. In addition a 
number of obstacles, stairs and rigs were used for the eligibility training.  
Different types of balls and toys were used for chasing and retrieving games. 
The toys were varied in size and softness according to the age of animal and 
type of training. 
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5.3. Results 
 The mortality rate among the parental geration individuals amounted to 
50% during the experimental period and more than 4 individuals suffered 
from bone fractures during the early training stage and other individuals 
developed bone deformations.  
This resulted in 16 individuals being excluded from the training program and 
only 11 dogs remained for the duration of the experiment.   
 
5.3.1. Adaptation period  
Six males and five females from the parental generation of the Kababeesh 
dogs exposed to the adaptation training sessions. Seven individuals 
successfully passed this period, 4 males and 3 females. 
Seven individuals from three families bred from the parental generation 
individuals (F1) exposed to the same training sessions. 
Table 5.6 presents the means of the training scores given by three trainers for 
each of the parental generation dogs and the age at the begining of training 
sessions. Table 5.7 shows the parents and the mean scores of the F1 
generation individuals. 
The overall means of the adaptation exercises for the two groups are given in 
table 5.8. 
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Table 5.6: Training scores of the parental individuals  
Exercise number and scores name Sex  Age of first 
session 
1 
(10) 
2 
(5) 
3 
(10) 
4 
(20) 
5 
(10) 
6 
(20) 
kasir M 7 7 4 8 18 3 18 
Tiger M 7 6 4 7 15 4 16 
Tango M 11 5 4 8 12 4 13 
Ashgar M 7 3 4 6 11 2 15 
Tumash M 8 4 3 7 14 3 15 
Baron M 5 3 3 5 15 3 15 
Rita F 5 5 3 5 11 2 12 
Nansy F 6 7 4 7 16 4 16 
Fulla F 6 5 4 5 14 5 14 
Sonia F 7 5 4 4 11 3 11 
Monica F 6 3 2 4 12 3 11 
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Table 5.7: Training scores of the first generation individuals  
Exercise number and scores name Sex  Family 
number 
parents 
1 
(10) 
2 
(5) 
3 
(10) 
4 
(20) 
5 
(10) 
6 
(20) 
Hex M 1 KasirX Nansy 9 5 9 18 9 19 
Cola F 1 KasirX Nansy 9 5 9 19 8 18 
Lona F 1 KasirX Nansy 9 5 10 16 7 18 
Roni M 2 TigerXNansy 9 5 8 17 9 17 
Jack M 2 TigerXNansy 9 5 8 15 4 14 
Babsy F 2 TigerXNansy 9 5 9 17 4 12 
Looba F 3 AshgarXFulla 9 5 7 16 4 11 
 
 
 
 
Table 5.8: Overall means of adaptation scores of the two groups 
Exercise number 1 2 3 4 5 6 
Maximum score 10 10 10 20 10 20 
Parents mean 4.8 4.4 6 14.8 3.7 12.8 
First generation mean 9 5 8.5 16.8 6.4 15.5 
 
  170
5.3.1.2. Obedience period 
Animals that  passed  the first training period were exposed to the obedience 
exercises for a further two months. Tables 5.9 and 5.10 show the 
performance scores of the parental animals and their offspring. A 
comparison between the parents and their off spring is found in table 5.11 
171 
 
 
Table 5.9: Training scores of the parental individuals  
Exercise number and scores name Sex  Age at first 
session 1 
(10) 
2 
(10) 
3 
(10) 
4 
(20) 
Kasir M 10 8 9 7 20 
Tiger M 10 7 8 8 12 
Tango M 14 6 7 7 8 
Tumsah M 11 5 7 6 7 
Nansy F 9 5 6 4 9 
Fulla F 9 5 6 5 8 
Monica F 9 3 4 5 8 
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Table 5.10: Training scores of the first generation  
Exercise number and scores name Sex  Family 
number 
parents 
1 
(10) 
2 
(10) 
3 
(10) 
4 
(20) 
Hex M 1 Kasirx Nansy 8 10 7 15 
Cola F 1 Kasirx Nansy 8 9 7 16 
Lona F 1 Kasirx Nansy 9 9 8 18 
Roni M 2 TigerxNansy 9 9 9 14 
Jack M 2 TigerxNansy 7 8 5 11 
Babsy F 2 TigerxNansy 6 7 5 11 
Looba F 2 TigerxNansy 7 5 6 10 
 
 
 
Table 5.11: Mean of adaptation period sessions 
Exercise number 1 2 3 4 
Maximum score 10 20 20 20 
Parental individuals mean 5.5 6.7 6 10.2 
First generation mean 7.7 7 6.4 13.5 
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5.3.1.3. Searching and detecting period 
The scores achieved by the offspring generation dogs were remarkably 
higher than those scored by their parents. None of the parental generation 
individuals succeeded in finding and detecting the narcotic odour.  
Tables 5.12 and 5.13 show the scores of the dogs of the two generations. 
Table 5.14 shows a comparison of the overall mean scores of the final period 
sessions of both generations.  
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Table 5.12: Training scores of the parental individuals  
Exercise number and scores name Sex  Age of first 
session 
1 
(10) 
2 
(10) 
3 
(10) 
4 
(20) 
5 
(10) 
Kasir M 9 4 3 4 3 4 
Tiger M 9 5 4 5 4 5 
Tango M 11 5 5 6 4 6 
Nansy F 6 4 3 7 4 5 
Fulla F 5 5 5 7 5 6 
 
 
 
Table 5.13: Training scores of the offspring generation individuals  
Exercise number and scores name Sex  Family 
number 
parents 
1 
(10) 
2 
(10) 
3 
(10) 
4 
(20) 
5 
(10) 
Hex M 1 Kasirx Nansy 10 10 9 10 9 
Cola F 1 Kasirx Nansy 7 8 9 7 7 
Lona F 1 Kasirx Nansy 7 6 8 6 6 
Roni M 2 TigerxNansy 9 9 9 8 9 
Jack M 2 TigerxNansy 6 5 8 4 4 
Babsy F 2 TigerxNansy 5 6 7 4 5 
Looba F 2 TigerxNansy 7 5 6 6 6 
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Table 5.14:  Means of searching and detecting period sessions 
Exercise number 1 2 3 4 5 
Maximum score 10 10 10 20 10 
Parental individuals 4.6 4 5.8 4 5.2 
Offspring generation 7 6.6 7.7 6.1 6.2 
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5.4. Discussion  
The difference in training performance between the parents generation and 
the first generation can probably be explained by the fact that the parental 
generation dogs were not exposed to the pre training sessions. Moreover, the 
offspring generation individuals were more adapted to the intensive breeding 
program and housing system since they were born in the kennels other 
Police Academy.  
The aim of the pre-training period is to make the puppies ready and show 
maximum response during the advanced training programme. Thus this 
phase attempts to improve the responses of the animals and their 
temperament to prepare them for the more formal training phases. No formal 
exercises are designed for this phase and no scores given.  
 
5.4.1. The adaptation period: 
Parental generation animals brought from North Kordofan (Kababeesh) 
exposed to the training program achieved low scores compared with their off 
spring. Seven individuals (4 males and 3 females) responded well to the 
training sessions during the adaptation period. However, the majority of the 
parental generation individuals succeeded in most of the exercises with high 
scores, except the retrieving games in which most of them failed to achieve 
good scores. 
These poor results are most probably attributable to their old age when they 
started this programme. They were not well adapted to the management and 
housing system adopted at the school academy. They were free ranging dogs 
abruptly transferred to an intensive management system. Moreover, many of 
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the exercises needed to be learnt at an early stage of life during the pre 
training period.   
 
5.4.2. The obedience period: 
The exercises during this period were characterized by hard and severe 
orders and punishment and moderately harsh treatment were introduced to 
some extent to teach the animals discipline and obeying orders. 
The noticeable observation is the high performance of males compared with 
that of females during this period in both parental and offspring generations. 
This result may be attributable to the tough nature of exercises in this period. 
However, the difference in overall mean scores between the two generations 
was not that large compared with the difference during the adaptation period. 
 
5.4.3. Searching and detecting period: 
The age at which the parental generation started the training program 
whether advanced compared with the offspring generation. This factor may 
be the main cause of their failure in searching and detecting the target odour 
games. These games were based on the toy games and retrieving ball and 
they need to be started at an early age (6 -8 weeks) and continue in parallel 
with the other exercises during all training phases.  
The parental generation individuals were born as free ranging animals in 
open space and an extensive breeding system and they did not receive any 
formal training.  The offspring generation was born inside the kennels of the 
police dogs  school and they exposed to a very intensive management and 
breeding system with controlled housing and feeding. This may partly 
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explain the poor training performance and high mortality rate among the 
parental generation compared to the offspring generation.  
The pre-training period consists of different exercises designed on an 
individual basis according to the observations and analysis of the response 
and behavioural traits of each puppy separately. The objective was to 
prepare them for the advanced training period through enhancing their 
desired behavioural responses and getting rid or at least inhibit the 
undesiarable traits. Consequently it is not possible to design unified standard 
training excercises that will be suitable for all puppies during this period. 
It was not deemed realistic to calculate the selection response on the basis of 
this experiment because of the small sample and the difference in 
management between the two generations. In addition the selection response 
based on a single generation of selection is likely to be small and there is 
need to continue selection for a number of generations in order to obtain a 
sizable response. 
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CHAPTER SIX 
General discussion 
 
Although dogs in Sudan are an ancient animal existing in the company of 
man at least for the past six thousand years Historically the east African 
coast witnessed many waves of migration from the western bank of Asia 
such as  Hijaz and Yemen areas. The immigrants from those areas came to 
Africa accompanied by their animals. The present study found evidence of 
foreign blood among Sudanese dogs especially from the Asian continent.  
Generally, dogs from different parts of the Sudan have many features i 
common. These include the brown or grey short hair colour, medium size 
and the elegant body structure. At the same time there are some features that 
differentiate the dogs of one area from those of other areas especially the 
dogs from the Blue Nile area which are smaller in size and different in the 
skull and muzzle formation.  
The mtDNA analysis showed that Sudanese dogs share a unique allele in 
their sequence in two regions which indicates a degree of isolationof the 
types of dogs in this country. 
Most of the dogs in Sudan live as feral or street dogs without receiving any 
medical treatment or veterinary or breeding services. Many of them contract 
fatal diseases such as rabies and threaten the people around them. They are 
also prone to infections with diseases passed to them from humans or from 
other animals such as  worms and leishmania parasite.  
To be able to survive through all these threats dogs must develop an efficient 
and advanced immunological system. Studies about the natural resistance 
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among dogs against leishmania in two endemic areas (Gadarif and Blue 
Nile) shows evidence of the presence of genetic modifications such as the 
TBX21 contributing to the enhanced the resistance against leishmania. 
One of the objectives of this study is to evaluate the intelligence and 
trainability of the dogs from the North Kordofan area. The study showed a 
high response to the training exercises that dogs were exposed to. Scientific 
training programs accompanied with an effective breeding scheme 
depending on selecting the best individuals which respond to the training 
program will lead to a highly trainable dog. 
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Conclusion and recommendations 
 
Dogs are very valuable animals and in Sudan their status is important in the 
culture of nomadic and herdsmen who use them in herding their animals, for 
hunting and guarding their homes. 
The Kababeesh and Blue Nile types are well-differentiated types with clear 
general features and good mental and behavioural capabilities.  
Those dogs have the physical elegibility and behavioural constituents to 
work in the criminal field as police dogs and other training purposes. 
Studying the origins of Sudanese dogs, their genetic history and 
development will contribute a lot for better understanding of the history of 
old civilizations in Sudan. Recent archaeological discoveries during the last 
three decades indicated an intimate relationship between the old Sudanese 
people and their dogs.  
In recent years dogs have come to be considered one of the best genetic 
models for the study of the immunological mechanisms against many 
diseases. Leishmania is one of diseases which constitute an extreme threat to 
the health of people in many areas of the world including Sudan. 
To confirm the results obtained from this study, further research should be 
performed with larger sample sizes. There is need to increase the number of 
areas sampled to include as much of the area of the country as possible 
especially the southern states of Sudan.  
The housing and breeding program need to be improved to decrease the 
mortality rate and bone injuries which occurred in this study especially 
during the experiments on trainability. Better understanding of the way of 
living of these dogs in their natural environment is also needed to design a 
good breeding and training program to get the maximum benefit from them. 
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Appendix 
 
Sudan map showing the three areas of the study 
 
 
 
 
 
 
 
 
 
 
 
 
            
 
 
 
 
 
 
 
 
 
 
  States of the study: 
1- North Kordofan state 
2- Blue Nile state 
3- River Nile state 
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North Kordofan State: 
North Kordofan is the homeland of the Kababeesh tribe who are herders of 
camels and sheep. The environment of this area is classified from semi 
desert to desert. The soil is sandy and the annual  rainfall is scanty varying 
from 126 to 150 mm. 
 
 
 
         The North Kordofan map 
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The Kababeesh village 
 
 
 
Kababeesh dogs herding camels in North Kordofan area 
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          Kababeesh tribe men with their dogs  
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The Blue Nile state: 
Located in South Eastern Sudan. The main tribes living there are Umbararu  
or Folani tribes, Ingasana tribes Funj and Kenanan tribes. The main 
economic activities are agriculture (mainly sorghum) and cattle herding.  
 
 
         Blue Nile State map 
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The Blue Nile dogs 
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River Nile State: 
Located in the North of Sudan. The climate is very dry the rainfall ranges 
from 0- 75mm. The soil is sandy, the main economic activity is the 
cultivation of onion and beans. They use dogs mainly for guarding and 
hunting. 
 
 
 
The River Nile State map 
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          Taking buccal swabs 
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Ancient inscriptions showing dogs in a royal  hunting journey 
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Mortality 
Total number of dogs collected was 54 dogs 30 from Blue Nile area and 24 
from North Kordofan state. Twenty six animals were lost due to mortality 
and bone fractures. The main ailments were the parvo- virus and dehydration 
and stress resulting from the transportation.  
The lack of adaptation to the kennels affected the behaviour of these animals 
and six of them were excluded from the experiments as a result of bone 
fractures which occurred while the animals were trying to escape from the 
kennels. 
 
 
 
 
 
Dead puppy 
